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All values shown in this catalogue are subject to change for prod- 
uct improvement.. 

The information, diagrams and all other data included herein 
are believed to be correct and reliable. However, no responsibil- 
ity is assumed by Mitsubishi Electric Corporation for their use, nor 
for any infringements of patents or other rights belonging to third 
parties which may result from their use. 
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Single-Chip 16-Bit CMOS Microcomputer -::::+++ssssssseeeeee 2—272 
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VK YA@ At MC] colt] oR @1'7- 1a (-), Seance eee ee 2—292 
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M37704M2EXXXFP, M37704S1EFP Single-Chip 16-Bit CMOS Microcomputer seeteeeeeeteeeeeeeeness 2—357 
M37704M4BXXX FP | Single- -Chip 16-Bit CMOS Microcomputer ---::+++-- Ban Benge ad ste 2—359 
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M37730 Group External ROM Version | | 
M37730 Group Overview: :-:::cirrresrrreercr rete crt te eect tt eect eaten ence ee eee eee ee eee e eee Eat ee EEE EEE eT aE ES 2—456 
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16- Bit CMOS Microcomputers: s+sssrttseteeceeceee eee eet areweseces 2—- —457- 
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M37732 Group Overview: ss cr rrr: 
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M37732S4LGP, M37732S4LHP 
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M37702 Group PROM Version 


M37702 Group Overview: ss srt 


aise wb bie! uw sa cieyse tdi wile Sor Sila "> Te 4 eee NG win aterse val bilan ataile vena; o's ere seG:is Seely w r6/'Siwize ecw ibs 'ar'eiaise: cae iota erintere'e ae, @cecaue le ce 2—516 
16-Bit CMOS Microcomputer Cem ere m renner erro nerereeresseerenenes 2—517 
16-Bit CMOS Microcomputer eg eee Te eR ee 2—577 

or 6te o60ig: es b-erel 8S Tastee wre, 0 i6 asa ew eral ar ei'eh 1 0018 Wi ila.ce (ei eee GW brecGunse WiaiSue By aide BLS 'S Siess baw wie ore ve 3—4 
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M37702E6BXXXFP, M37702E6BFS 
M37702E6LXXXFP 
M37702E8BXXXFP, M37702E8BFS 
M37702E8LXXXHP 
a2 M37703 Group PROM Version 


M37703 Group Overview::::::::-seetts tree 


M37703E2AXXXSP, M37703E2BXXXSP 
M37703E4AXXXSP, M37703E4BXXXSP 


PROM Version of M37702M4AXXXFP, M37702M4BXXXFP-:--3—55 


PROM Version of M37702M4EXXXFP- reeset rete rece e erences 3—81 
PROM Version of M37702M4LXXXFPirvtrrs tree steer et ee eee 3—106 
PROM Version of M37702M4LXXXGP orrvet ere ee reer eee te ee 3—132 
PROM Version of M37702M6BXXXFP sire tree reeset et ee ee eee es 3—157 
PROM Version of M37702MELXXXFPirirtrrr etree eter ee ee eee 3—179 
PROM Version of M37702M8BXXXEFP vrrrvtseeee treet et eter eee 3—202 
PROM Version of M37702M8LXXXHP vrveess reese eet eee ee 3-224 
Cece meee eww ener e renee mares eee ee eer e a see ee ese sree seaenereseesssesasenees 3—248 


PROM Version of M37703M2AXXXSP, M37703M2BXXXSP-: --3—249 
PROM Version of M37703M4AXXXSP, M37703M4BXXXSP-:--3—275 





M37703E4EXXXSP PROM Version of M37703M4EXXXSP vorrrers test eres eee ee es 3—301 
3S M37704 Group PROM Version 
M37704 Group OVELVIEW rte eee nent eee n ence eect eee n eee neta testes eee e sence ences tate ee esas 3— 328 
M37704E2AXXXFP, M37704E2AFS PROM Version of M37704M2AXXXFP= rier etter eerste ete ee es 3—329 
M37704E2EXXXFP PROM Version of M37704M2EXXXFP>++s+s treet rere etree ee ee ee 3—338 
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3—4 M37705 Group PROM Version 
M37705 Group OVOAPVIEW oor een ne nen enn e ene eet e eee e teen eee n cena teen tennessee esse ne en ees 3—354 
M37705E2AXXXSP, M37705E2ASS PROM Version of M37705M2AXXXSP corsets eset cette teers 3-355 
M37705E2EXXXSP PROM Version of M37705M2EXXXSP vores tree sete etter etree 3—364 
M37705E4BXXXSP PROM Version of M37705M4BXXXSP vorrr tress eeeeeett eee ees 3—366 
4) MELPS 7700 SOFTWARE 
MELPS 7700 Addressing Modes POOR OO ee meee reed ODEO HERES HHO EOE O EEE OH OEE R EERO HOHE REHASH OEE OLEH OEE HO SEDO OED Ee Eee RE OEE CEC ES 4—3 
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MIEACH PRODUCT FIELDS OF APPLICATION 


General purpose type Office Automation, Personal HDD, PPC, CD-ROM 
Computer peripheral M37702/03 Group 
EEE 


10-bit ADC/8-bit DAC & HEC OA.) PPC, HDD ie 
M37710 Grou 
eT P 


cordless telephone 
cellular phone 


dual clock Gommunication) M37734 Group** 


cordiess telephone 
RTP, low voltage ROM-less cellular phone Ke Gite 
ee” 


RTP, ROM-less Con) ETW, CD 
: M37730 Group 
Se” 


Built in DMAC, DRAMC, RTP 
7700 series ROM-less Personal Computer printer 


\ peripheral 
Timer 


: air conditioner 
enhancement white goods a et a M97 704/05 Group 
Te” Three-phase waveform mode enhancement 


: air conditioner 
White goods M37712 Group * * 


M37708 Group 


.M37720 Gruop 


RTP, UART with FIFO 


<> 


* * : Under planning 
%* | New product 
kk | Under development 





MISELECT MAP 


Classification Features Main application 


frequency 
Minimum instruction 
exection time 


Serial I/O 
A-D conversion 


(16 bit) 


z Clock oscillating 
Appeara in Data Book 


oo 


(number) 


ae 
N 
— 
“>"~ 
p=) 
n 
ww 


37708 37708 COPY machine, HDD, electronic musical 
instrument, data terminal, printing en- 
gine for page printer, automobile, port- 

wa7702 7702 |3b!2 telephone, personal information 
machines and tools 





General mr 
Purpose 16K~60K ROM 


N 

oi 

© 
o1 
+ 
w 


N 
gi 
© 


Three-phase wave- 
form output 
Phase detect function 


Oo 
& 


pose inverter, sewing machine for the 
M37705 manufacturing, washing machine 


copy machine, HDD, data terminal, bar- 
M37710|code reader, electronic musical instru- 
ment, printing engine for page printer 


serial printer, facsimile, image scanner, 
100} M37720 |high speed modem, network controller, 
ODD 


HDD, ODD, electronic typewriter, personal information 
M37730 | machines and tools, mobile communication machine and 


80 | M37704 jinverter air conditioner, general pur- 





General Purpose sae t . 
. Built-in 10-bit A-D 
with Enhanced Ana- eonverter 25 


log 1/0 Function 


Pe PTT ek cowern 


w 


Built-in 24-bit DMA 
DRAM __ Con- Controler (4ch) and 


. . = 
troller Built-in DRAM Gontroler 


Henn Pc nob 


mobile phone, communication terminal tools 


mobile phone, copy machine, printer, 
M37732 | electronic typewriter, facsimile, person- 
al information machines and tools 


Low price version 
for basic peripher- 
al function 








Ai nar ia; na; ao alt nm); oO |] OM 


NO N 
(e)) on 


ine) No NO — | Rh RO 


WwW 
|e | 8 


Vol. 1: 1994 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 16-BIT MICROCOMPUTERS Vol.1 
Vol. 2 - 1994 MITSUBISHI SEMICONDUCTORS DATA BOOK <SINGLE-CHIP 16-BIT MICROCOMPUTERS Vol.2 
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(IGENERAL PURPOSE (1) 


| Memory capacity 
Memory type a Type No. Pakage 









Power supply} Operating 
voltage ee 
(V) (°C) 


























































i. a xXxXFP 
}-————— 4.5~5.5 
ea M37702M2B X X X FP 
xX xX 
M37702M2L GP ey sisi 
M37702M2L x X X HP 
M37702M3B x X X FP | 
1024 | M37702MDB x x XFP 
M37702M4A x X X FP 
Mask ROM 30K M37702M4B X X XFP | 
M37702M4E x x XFP —40~85 | 2-113 | 
M37702M4L X x XFP Ba Ba : aaa | 2-130 | 
M37702M4L x x x GP 80P6S-A | 2-148 | 
| M37702M6B X X X FP —20~85 | 2-166 | 
48K 2048 
M37702M6L x x X FP 80P6N-A 2.15.5 —40~85 | 2-183 | 
she voag |-M37702M8B x x XFP ~20~85 | 2-201 | 
M37702M8L x X X HP 80P6D-A 2. ea 5 —40~85 | 2-218 |. 
2AX X XF 
M37702E2A FP aan 
16K M37702E2B X xX X FP 
M37702E2L x x xX GP 80P6S-A ; 
M37702E2L x x X HP g0P6D-A | 
M37702E4A x x XFP sehtae 
Pee M37702E4B Xx X XFP sepenisk 4.5~5.5 
ime 
prow | es oe 
2.7~5. | 4035 | 
M37702E6B x X X FP 4 5~5. 5 Enea 3-157 
48K 
M37702E6L x X XFP 80P6N-A —40~85 | 3-179 
ee vo4g | M37702E8B x x x FP ee eee 4.5~5.5 | —20~85 =| 3-202 | 
M37702E8L x x X HP eee 80P6D-A 2.7~5.5 —40~85 | 3-224 
M37702E2AFS 
M37702E2BFS 
2 
Version with 1 g0D0 4.5~5.5 —20~85 
: M37702E4BFS 
window 
— 2048 | M37702E6BFS 3 -157 
| 60K | 2048 | M37702E8BFS 3 -202 
M37702S1AFP 
80P6N- .5~5.5 —20~85 
M37702S1BFP Slerwce aes | come [ee 
External ROM. M37702S1L GP 80P6S-A 2.7~5.5 —40~85 
M37T02S4AFP 
; rMarToeseArP ad iy 
M377T02S4BFP ie pada Ec 


EPROM versions with window are used for evaluation only. They must not be used for mass- production. 
%& : New product *&¥* : Under development 
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MIGENERAL PURPOSE (2) 


Memory capacity 
Memory type (Byte) Type No. Package 
RAM 


16 M37703M2A x X X SP 
M37703M2B X X XSP 
2 
Mask ROM a e4P48 


M37703M3B X X XSP 
M37703MDB xX X XSP 
One time 
PROM 











Power supply} Operating 
voltage neg 
(V) (C) 










2048 M37703M4A X X X SP 
M37703M4B X X XSP 


a a 

a ek 

“fuses — c4P AB 4505.5 
sek | 20d8 





K 
4k 
32K 
16K 






External 
ROM 


MIMOTOR DRIVE CONTROL 


Memory capacity 
Memory type (Byte) 


Mask ROM 
One time 
PROM 


K 
K 
K 
EPROM Version 16K 
with window K 
K 
K 





M377T03E4E x X XSP 


sie M37703S1ASP Es 
vag _M37T03S4ASP 


M37703S4BSP 






















Power supply} Operating 
Package voltage femper Srure 
M37704M2A X X X FP 


M37704M2E X X X FP 
M37704M3B X X X FP rons 
4.5~5.5 | -20~85 | 3-329 
goren-A [4.55.5 | —a0~85 | 9-398 
| 1024 | 3-340 | 
| 3-329 | 

















512 
1024 | M37T704E4BX xX XFP 
M37704E2AFS 
g0D0 
1028 [ MSTTOME BFS 000 
M37704S1AFP preoian ‘eesene 
512 









M37704S1EFP —40~85 2 -357 
pose M37705M2A X X XSP 
M37705M2E x x x SP 64P4B 
| 1024 | M37705M3B x x xSP fetes a 
1024 M37705M4B X x XSP ; 


| 2-452 

| 2-439 | 

M37705E2A x X XSP 4.5~5.5 | —20~85 | 3-355 | 
4.75~5.5 | —40~85 | 3-364 | 

Raat 

2-421 


External ROM 


Mask ROM 


One time 
PROM 


ee] 


1024 M37705E4B xX x xSP 4,5~5.5 —20~85 


; 512 M37705E2ASS 64S1B-E 4.5~5.5 
with window 
M37705S1ASP 
2 .5~5, 
External ROM 51 M37705S1ESP 64P4B 4,5~5.5 


x EPROM versions with window are used for evaluation only. They must not be used for mass-production. 
*& : New product *&*& : Under development 





16K 
24K 
32 
16 
32 
32 
16 
24 
32K 
16K 
32K 
EPROM Version 16K 
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MIGENERAL PURPOSE WITH ENHANCED ANALOG I/O FUNCTION 


Memory type (Byte) Type No, Package voltage er Pang Page 
RAM | (Vv) (6) 


1024 | M37710M4B x x X FP * 4.5~5.5 
80P6N-A 
Mask ROM ; oo4g  -MS7710M8B x x x FP kk or aia 
M37710M8L Xx X X HP *& & | 80P6D-A aaa | 
Note 


























32K 
0K 
32K M37710E4B X x X FP 4,5~5.5 —20~85 
ais 60K 2048 uiLER D2 vee Sie alas lee 2.7~5.5 —40~85 
M37710E8L xX xX XHP *& *& | 80P6D-A 


EPROM Version | 2K | 1024 | MSTTIOE4BFS ts rea, | caiee 
with window M377T10E8BFS ak ea: 


External ROM Led 2048 M37710S4BFP *& | 80P6N-A | 4,5~5.5 —20~85 


* EPROM versions with window are used for evaluation only. They must not be used for mass-production. 
MSDMA CONTROLLER BUILT-IN 


Memory capacity | | Power supply| Operating 
Memory type (Byte) Type No. Package voltage ea Page. 
| ROM | RAM wy | Pd 


External ROM p= | | M37720S1AFP 100P6S-A 4.5~5.5 —20~85 





















MIGENERAL PURPOSE OF EXTERNAL ROM 


Power supply| Operating 7 
Memory type (Byte) Type No. Package voltage eas Page 
| 


NIGENERAL PURPOSE OF EXTERNAL ROM WITH PULSE OUTPUT PORT 


a Memory capacity . Power supply| Operating 
Memory type (Byte) Type No. Pakage voltage ena 
Rom | RAM vw) | 


M37732S4L GP 80P6S-A 
2.7~5.5 —-4Q~ 2- 
M37732S4L HP 80P6D-A aims | nee 


%& : New product %** : Under development 
Note. Refer to “1994 MITSUBISHI SEMICONDUCTORS DATA BOOK<SINGLE-CHIP 16-BIT MICROCOMPUTERS>Vol. 2”. 
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MI MELPS 7700 Development Support Tools (1) 


| Group | Type Name ROM Type {Assembler|C Compiler] Simulator Debugger |ICE Debugger| Emulator | Emulation Pod 


M37702 |M37702M2AXXXFP |Mask ROM 
M37702M2BXXXFP (#1) 
M37702M2LXXXGP(*2) 
M37702M2LXXXHP (*2) 
M37702M83BXXXHP (#1) 
M37702MDBXXXFP(* 1) 
M37702M4AXXXF P 
M37702M4BXXXFP(1) 
M37702M4EXXXF P 
M37702M4LXXXFP(«2) 
M37702M4LXXXGP(%*2) 
M37702M6BXXXFP (#1) 
M37702M6LXXXFP(*2) 
M87702M8BXXXFP (*1) 
M37702M8LXXXHP (#2) 









































M37702E2AXXXFP |One Time PROM 
M37702E4AXXXFP 
M37702E4BXXXFP(* 1) 
M37702E4EXXXFP 

M37702E4LXXXFP (*2) 
M37702E6BXXXFP(* 1) 
M37702E6LXXXFP(*2) 
M37702E8BXXXFP («1) 


M37702E8LXXXHP(*2) 

M37702E2AFS EPROM with 
Window 
Extemal ROM 


M37702E 2BFS( %* 1) 
M37702E4AFS 
One Time PROM 


M37702T-HPD |PCA4774G02 
or 
3 3 M37702TB-HPD 
or 
M37702TL-HPD | PCA4708G02 
MS37702E4BFS(% 1) 
M37702E6BFS(%# 1) 
M37702E 8BFS(« 1) 
M37702S1AFP 

M37702S 1BFP(#1) 

a 

*X1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be 
configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD. 
2X2. This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system 
‘must be configured by a combination of the emulator and the M377XXTL-HPD. 


M37702S1LGP(«2) 
M37702S4AFP 

2X3. These tools are provided by the third parties . The third-party tools are sold and technical supported by each third party. Also 

note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor. 




















M37702S4BFP(% 1) 
M37703M2AXXXSP 
M37703M2BXXXSP (1) 
M387703M3BXXXSP (x1) 
M37703MDBXXXSP (#1) 
M37703M4AXXXSP 
M87703M4BXXXFP(3«1) 
M37703E2AXXXSP 
M87703E2BXXXSP (#1) 
M37703E4AXXXSP 
M37703E4BXXXSP (#1) 
M37703E4EXXXSP 
M37703S1ASP 
M837708S1BSP(% 1) 
M37703S4ASP 
M37703S4BSP(% 1) 






M837703 
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MIMELPS 7700 Development Support Tools (2) 
Grea Tupe Name | — ROW Type — [Assen Compt] Sar Uainager [ICE Daiugae | Emaor [Erato Pea [ROW is a 


37704 _|M37704M2AXXXFP | Mask ROM 
M37704M2EXXXF P 
M37704M3BXXXFP (x1) 
M37704M4BXXXFP 
M37704E2AXXXFP [One Time PROM 
M37704E2EXXXFP 
M37704E4BXXXFP (x1) 














PCA4774G02 


M37704T-HPD 
or 


M37704E2AFS EPROM with PCA4708G02 
M37704S1AFP 
immerse et 
M37705 =| M37705M2AXXXSP 
EE 


M87704TB-HPD 







M37705E2AXXXSP_ |One Time PROM 
M37705E2EXXXFP 


M37705E2ASS EPROM with Window 


M37705S1ASP External ROM RASM77 
poressese | | 
M37710M4BXXXFP(*1) 3 
Spee a 
M37710MBLXXXHP (3*2) 
M37710E4BXXXFP(#1) |One Time PROM 
M837710E4BFS(#1) — |EPROM with 
7720 

M37732T-HPD 


M37730S2AFP External ROM 
M37730S2ASP 
External ROM ae 
or . 
. M37732TB-HPD 
or 
M37732TL-HPD 


M37730S2BF P(3 1) 
M37730S2BSP(« 1) 
M37732S4AFP 
N37732S4BF P(x 1) 
M37732S4LGP(«2) 
M37732S4LHP(«2) 
%*1.This MCU operates with a maximum clock frequency of 25 MHz. When using it at 25 MHz, the emulator system must be 
configured by a combination of the emulator and the M377XXTB-HPD or M377XXTL-HPD. 
3X2.This MCU is designed to operate with a low voltage (2.7 to 3.3 V). When operating it with a low voltage, the emulator system 
must be configured by a combination of the emulator and the M377XXTL-HPD. 
%3.These tools are provided by the third parties . The third-party tools are sold and technical supported by each third party. Also 
note that Mitsubishi tools only are presented in this table. For particulars please apply to the local distributor. 


















PCA4774G02 


| 8 
& 
old 


i A oa peer 


im 














M37720T-HPD 


M37730T-HPD 
or 
M87730TB-HPD 
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DOCUMENTS 


The documents tables of the 7700 series are described bel- 
low. 

Ask for these documents to the contact addresses on the end 
of this book. 


MIUSER’S MANUAL (Date : 16 Oct., 1993) 
Document name N 


oO. 
M37702 Group USER’S MANUAL 
M37703 Group 
M37710 Group USER'S MANUAL TBD 

M37720 Group USER’S MANUAL Ask the contact ad- 

(Preliminary) 
M37732 Group USER’S MANUAL H-EB134-A 

M37730 Group pene 3 


MISOFTWARE MANUAL (Date : 16 Oct., 1993) 


MELPS 7700 SOFTWARE MANUAL | H-E0112-A 


Mi APPLICATION NOTES (Date : 16 Oct., 1993) 


Document name Ne 


M37704M2-XXXFP MOTOR DRIVE! H-BAO02-A 








CONTROL APPLICATIONS 
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ORDERING INFORMATION | 





FUNCTION CODE 


Mitsubishi integrated circuit may be ordered using the following simplified alphanumeric type-codes which define the func- 
tion of the IC/LSIs and the package style. | 


For Mitsubishi Original Products 
Example: M 3 77 02 E 4 - 001 FP 


M : Mitsubishi integrated prefix 
3: Represent an original single-chip microcomputer 
Series designation using 2 digits 
Circuit function identification code using 2 digits 
Memory identification code using a digit 

E : PROM P *: Piggyback 

M © Mask ROM S : External ROM 

N : Mask ROM+EEPROM 
Memory size identification code using a digit 
Normally, using hyphen. 
When electrical characteristic, or division of quality identification 
code using alphanumeric character. _ 
T : For automobile, industrial equipment 
Mask ROM number 
Package style 

J: PLCC, or SOJ package 

FP: Molded plastic flat package 





FS : Ceramic flat package 
SP : Molded plastic shrink package 
SS ° Ceramic shrink package 


PACKAGE CODE 


Package style may be specified by using the following simplified alphanumeric code. 


Example:§64 P 4 B 
| Number of pins 
Package structure . 
K : Glass-sealed ceramic 
P : Molded plastic 
S : Metal-sealed ceramic 
‘Package outline 


0 : PLCC, SOU 4 = DIP 
1 : DIP 6 : QFP 
2 : SOP 


Secondary outline code 


Special-purpose secondary codes describing outline are included as necessary. For 
details, contact your sales representative. 





1—10 





MITSUBISHI MICROCOMPUTERS 


PACKAGE OUTLINES 





64P4B Plastic 64pin 750mil SDIP 


EIAJ Package Code JEDEC Code Weight (g) 
spIPo64-P-0750 | = =s— SE |] QC 


Scale : 1.5/1 


Ue 


64P6EN—A 
EIAJ Package Code JEDEC Code 


*QFPO64-P-1414 | 


Scale : 2.5/1 


— 


SUV AUAARDORED URI AUD NAT GUAUO GUA 
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64S1B-—E | | 7 | | Metal da 64pin 750mil DIP 


_ EIAJ Package Code JEDEC Code Weight (g) 
woipo64-c-0750 | |] Cid 


Scale : 1.5/1 


iui 
2 Se ofl 


SEATING PLANE 





80D0 | | Glass seal 8Opin @FN(LCC) 


EIAJ Package Code JEDEC Code Weight (zg) 
WOFN080-G i eens Tae 


Scale : 2/1 





21.0+0.2 3.32MAX 18.4+0.15 
L780 YP 


uo) 
rc 
oS 
+ 
© 
N 
— 
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8O0P6EN—A Plastic 8Opin 14x 20mm body QFP 


EIAJ Package Code JEDEC Code Weight (gz) 
*QFPO80-P-1420, | = — S|] SB 


Scale : 2/1 


EIAJ Package Code JEDEC Code Weight (g) 


*QFPOBO-P-1414 | 
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80P6D—A_ 


EIAJ Package Code JEDEC Code Weight (g) 
QFPR0-P-1212 | Ss 


Scale : 2.5/1 


Plastic 8Opin 12x 12mm body QFP(FP) 





c 
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LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 





1. INTRODUCTION 


A system of letter symbols to be used to represent the 
dynamic parameters of intergrated circuit memories and 
other sequential circuits especially for single-chip micro- 
computers, microprocessors and LSlIs for peripheral 
circuits has been discussed internationally in the TC47 
of the International Electrotechnical Committee (IEC). 
Finally the IEC has decided on the meeting of TC47 in 
February 1980 that this system of letter symbols will be 
a Central Office document and circulated to all countries 
to vote which means this system of letter symbols will 
be a international standard. 

The system is applied in this LSI data book for the 
new products only. Future editions of this data book 
will be applied this system. The 1EC document which 
describes ‘‘Letter symbols for dynamic parameters of 
sequential integrated circuits, including memories” is 
introduced below. In this data book, the dynamic para- 
meters in the IEC document are applied to timing 
requirements and switching characteristics. 


2. LETTER SYMBOLS 


The system of letter symbols outlined in this document 
enables symbols to be generated for the dynamic para- 
meters of complex sequential circuits, including memo- 
ries, and also allows these symbols to be abbreviated to 
simple mnemonic symbols when no ambiguity is likely 
to arise. 


2.1. General Form 


The dynamic parameters are represented by the general 
symbol of the form:- 


TAIBC=SDCIR satiSee es ees (1) 

where : 

Subscript A indicates the type of dynamic parameter 
being represented, for example; cycle 
time, setup time, enable time, etc. 

Subscript B_ indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) con- 
stitutes a signal event assumed to occur 
first, that is, at the beginning of the time 
interval. If this event actually occurs last, 
that is, at the end of the time interval, 
the value of the time interval is. negative. 

Subscript C indicates the direction of the transition 
and/or the final state or level of the signal 
represented by B. When two letters are 
used, the initial state or level is also indi- 
cated. 


Subscript D indicates the name of the signal or terminal 
for which a change of state or level (or 
establishment of a state or level) consti- 
tutes a signal event assumed to occur last, 
that is, at the end of the time interval. If 
this event actually occurs first, that is, at 
the beginning of the time. interval, the 
value of the time interval is negative. 

Subscript E indicates the direction of the transition 
and/or the final state or level of the signal 
represented by D. When two letters are 
used, the initial state or level is also indi- 
cated. 

Subscript F indicates additional information such as 
mode of operation, test conditions, etc. 


Note 1: Subscripts A to F may each consists of one or more letters. 


2: Subscripts D and E are not used for transition times. 

3: The '—" in the symbol (1) above is used to indicate ‘’to’’; hence the sym- 
bol represents the time interval from signal event B occuring to signal 
event D occuring, and it is important to note that this convention is used 
for all dynamic parameters including hold times. Where no misunder- 
standing can occur the hyphen may be omitted. 


2.2. Abbreviated Form 


The general symbol given above may be abbreviated 
when no misunderstanding is likely to arise. For example 
to: 


ta(B—p) 
or  tajs) 
or ta(p) — often used for hold times 
or tar — no brackets are used in this case 
or ta 


or tpc—peE — often used for unclassified time 
intervals 


2.3. Allocation of Subscripts 


In allocating letter symbols for the subscripts, the most 
commonly used subscripts are given single letters where 
practicable and those less commonly used are designated 
by up to three letters. As far as possible, some form of 
mnemonic representation is used. Longer letter symbols 
may be used for specialised signals or terminals if this 
aids understanding. 


3. SUBSCRIPT A 


(For Type of Dynamic Parameter) 


The subscript A represents the type of dynamic para- 
meter to be designated by the symbol and, for memo- 
ries, the parameters may be divided into two classes : 
a) those that are timing requirements for the memory 
and 
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b) those that are characteristics of the memory. Erasure . ER 
The letter symbols so far proposed for memory circuits Output enable G 
are listed in sub-clauses 3.1 and 3.2 below. Program PR 
All subscripts A should be in lower-case. Data output Q | 
Read R 
3.1. Timing Requirements Row address RA 
| Row address strobe | RAS 


The letter symbols for the timing requirements of semi- 


2 Refresh RF 
conductor memories are as follows’: 
Read/Write RW 
Term Subscript Chip select S 
Cycle time ‘ Write (write enable) Ww 
Tj ; Ib : Note 1: In the letter symbols for time intervals, bars over the subscripts, for ex- 
ime interval between two signal events d SSIES ahsuls nok beuiced 
Fall time f 2: It should be noted, when further letter symbols are chosen, that the sub- 
Hold time h script should not end with H, K, V, X, or Z. (See clause 5) 
p : : 3: If the same terminal, or signal, can be used for two functions (for example 
recharging time pe Data input/output, ReadMrite) the waveform should be labelled with the 
Rise time r dual function, if appropriate, but the symbols for the dynamic parameters 
Recovery time rec should include only that part of the subscript relevant to the parameter. 
Refresh time interval rf 5. SUBSC 
Setup time a : SSCRIPTS C AND E 
Banc adine : (For Transition of Signal) 
Pulse duration (width) Ww The following symbols are used to represent the level or 
state of a signal : 

3.2. Characteristics | Transition of signal Subscript 
The letter symbols for the dynamic characteristics of ~ High logic level H 
semiconductor memories are as follows : Low logic level L 

is . Valid steady-state level (either low or high) V 
Characteristic Subscript Oe ; . 
Unknown, changing, or ‘don’t care’ level Xx 
Access time ; a High-impedance state of three-state output Zz 
Disable time dis ; ; om ; 
: The direction of transition is expressed by two letters, 
Enable time | en ; 
. : the direction being from the state represented by the 
Propagation time P 
. first letter to that represented by the second letter, with 
Recovery time rec ee cleerees el b 
ae a e letters being as given above. 
Transition time 7 Nd 
eee When no misunderstanding can occur, the first letter 
Valid time ov 


may be omitted to give an abbreviated symbol for sub- 
scripts C and E as indicated below. 
All subscripts C and E should be in upper-case. 


Note: Recovery time for use as a characteristic is limited to sense recovery time. 


4. SUBSCRIPTS B AND D 


(For Signal Name or Terminal Name) Subscript 
The letter symbols for the signal name or the name of Examples Full Abbreviated 
the terminal are as given below. Transition from high level to 
All subscripts B and D should be in upper-case. low level | HL L 

| Transition from low level to . 
Signal or terminal Subscript high level LH H 


Transition from unknown or 


Address A changing state to valid state XV V 

Clock Cc Transition from valid state to 

Column address CA unknown or changing state VX X 
Column address strobe : CAS Transition from high-impedance 

Data input D state to valid state | ZV V 

Data input/output DQ Note: Since subscripts C and E may be abbreviated, and since subscripts B and D 


may contain an indeterminate number of letters, it.is necessary to put the 
Chip enable E restriction on the subscripts B and D that they should not end with H, L, 
V, X,or Z, $0 as to avoid possible confusion. 


1—16 | af. MITSUBISH 
ELECTRIC 





MITSUBISHI MICROCOMPUTERS 


LETTER SYMBOLS FOR THE DYNAMIC PARAMETERS 


6. SUBSCRIPT F (For Additional Information) 


If necessary, subscript F is used to represent any addi- 
tional qualification of the parameter such as mode of 
operation, test conditions, etc. The letter symbols for 
subscript F are given below. 

Subscript F should be in upper-case. 


Modes of operation Subscript 
Power-down PD 
Page-mode read PGR 
Page-mode write PGW 
Read R 
Refresh RF 
Read-modify-write RMW 
Read-write RW 
Write W 
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FOR DIGITAL INTEGRATED CIRCUITS 


leB(Av) 
lec 
loc(av) 
Ioc(pp) 
lbp 
Ipp(av) 
lac 


Iaa(av) 


ta(a) 
ta(cas) 
ta(e) 
ta(a) 
ta(pr) 
tacras) 


ta(s) 


ta(ap) 


ta(ce) 


ta(oe) 


ta(cs) 


tc( rp) 
tco( REF) 
tc(pa) 


te(ramw) 





te(wr) 


Input capacitance 

Output capacitance 

input/output terminal capacitance 
Input capacitance of clock input 
Frequency 


‘Clock frequency 


Current—the current into an integrated circuit terminal is defined as a positive value and the current out of a terminal is defined as a negative value 


Supply current from Veg 

Average supply current from Ves 

Supply current from Voc 

Avarage supply current from Voc 

Power-down supply current from Voc 

Supply current from Vpp 

Average supply current from Vpp 

Supply current from Veg 

Average supply current from Vag 

Input current 

High-level input current—the value of the input current when Voy is applied to the input considered 

Low-level input current—the value of the input current when Vo, is applied to the input considered 

High-level output current—the value of the output current when Vox is applied to the output considered 

Low-level output current—the value of the output current when Vo, is applied to the output considered 

Off-state( high-impedance state) output current—the current into an output having a three-state capability with input condition so applied that 
it will establish according to the product specification, the off( high-impedance ) state at the output 

Off-state( high-impedance state) output current, with high-level voltage applied to the output 

Off-state( high-impedance state) output current, with low-level voltage applied to the output 

Short-circuit output current 

Supply current from Vss 

Power dissipation 

Number of erase/write cycles 

Number of read access unrefreshed 

Input resistance 

External load resistance 

Off-state output resistance 

On-state output resistance 

Access time—the time interval between the application of a specified input pulse during a read cycle and the availability of valid data signal at an output 

Address access time—the time interval between the application of an address input pulse and the availability of valid data signals at an output 

Column address strobe access time 

Chip enable access time 

Output enable access time 

Data access time after program 

Row address strobe access time 


Chip select access time 


Cycle time 


Read cycle time—the time interval between the start of a read cylce and the start of the next cycle 

Refresh cycle time—the time interval between successive signals that are intended to restore the level in a dynamic memory cell to its original level 

Page-mode cycle time | | 

Read-modify-write cycle time—the time interval between the start of a cycle in which the memory is read and new data is entered, and the start of 
the next cycle 


Write cycle time—the time interval between the start of a write cycle and the start of the next cycle 
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New symbol | Former symbol Parameter—definition 


td 

tao) 
td(cas-Ras) 
td(cas-w) 
td(Ras-cas) 
td(ras-w) 
tdis(r-o) 
tdis(s) 
tdis(w) 
toot 

toy 
ten(a-a) 
ten(r-a) 
ten(s-a) 

tf 

th 

tha) 
th(a-e) 
th(a-pR) 
thicas-ca) 
thicas-p) 
th(cas-a) 
th(cas-ras) 
thicas-w) 
thio) 
th(o—pr) 
thie) 
th(e-p) 
thie-c) 
thir) 
thiras-ca) 
th(ras-cas) 
th(ras-D) | 
th(ras-wy 
this) 
thiw) 
th(w-cas) 
thiw-p) 
th(w-ras) 
teHL 

tpLH 

tr 

trec(w) 
trec(Pp) 


tsu 


tsu(a) 
tsu(a-E) 
tsu(a-w) 


tsu(ca-ras) 





tdicas wr) 


td(ras-wr) 
tdis(R-Da) 
tpxz(cs) 


texz( wr) 


tezv(a-DQ) 
tezv(R-Da) 


tpzx(cs-pa) 


thiad) 
thi ap-ceE) 


th(ap-pRo) 


thicas-pa) 


th(cas-ouT) 


th(cas-wa) 
tha) 
th(pa-pRo) 
thice) 
thice-pa) 
th(ce-oe) 


thirD) 


th(ras-DA) 
th(rRas-wr) 
thics) 
thiwa) 
th(wr-cas) 
th(wr-pa) 


th(wr-RAs) 


twr 


tra(pp) 


tsu(av) 
tsu(aD-cE) 


tsu(aD-wr) 











Delay time—the time between the specified reference points on two pulses 

Delay time between clock pulses—e.g., symbology, delay time, clock 1 to clock 2 or clock 2 to clock 1 
Delay time, column address strobe to row address strobe 

Delay time, column address strobe to write 

Delay time, row address strobe to column address strobe 

Delay time, row address strobe to write 

Output disable time after read 

Output disable time after chip select 

Output disable time after write 


High-level to low-level delay time | the time interval between specified reference points on the input and on the output pulses when the output is 


Low-level to high-level delay time | going to the low (high)level and when the device is driven with a specified loading networks 


Output enable time after address 

Output enable time after read 

Output enable time after chip select 

Fail time 

Hold time—the interval of time during which a signal at a specified input terminal appears after an active transition occurs at another specified input terminal 
Address hold time 

Chip enable hold time after address 

Program hold time after address 

Column address hold time after column address strobe 
Data-in hold time after column address strobe 

Data-out hold time after column address strobe 

Row address strobe hold time after column address strobe 
Write hold time after column address strobe 

Data-in hold time 

Program hold time after data-in 

Chip enable hold time 

Data-in hold time after chip enable 

Output enable hold time after chip enable 

Read hold time 

Column address hold time after row address strobe 
Column address strobe hold time after row address strobe 
Data-in hold time after row address strobe 

Write hold time after row address strobe 

Chip select hold time 

Write hold time 

Column address strobe hold time after write 

Data-in hold time after write 

Row address hold time after write 


High-level to low-level propagation time the time interval between specified reference points on the input and on the output pulses when the 


output is going to the low (high)level and when the device is driven and loaded by typical devices 
of stated type 


Low-level to high-level propagation time 

Rise time 

Write recovery time—the time interval between the termination of a write pulse and the initiation of a new cycle 

Power-down recovery time 

Setup time—the time interval between the application of a signal which is maintained at a speciifed input terminal and a consecutive active 
tarnsition at another specified input terminal 

Address setup time 

Chip enable setup time before address 


Write setup time before address 


Row address strobe setup time before column address 
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New symbol | Former symbol Parameter—definition 



































tsu(p) tsu(pa) Data-in setup time 

tsu(p-E) tsu(pa-ce) Chip enable setup time before data-in 
tsu(p-w) tsu(Da-wr) Write setup time before data-in 

tsu(e) tsu(ce) Chip enable setup time 

tsu(e-P) tsu(ce-p) Precharge setup time before chip enable 
tsu(G-e) tsu(oe-ceE) Chip enable setup time before output enable 
tsu(p-E) tsu(p-ce) Chip enable setup time before precharge 


tsu(pp) Power-down setup time 


tsu(r) tsu(rp) Read setup time 


tsu(r-cas) tsu(RA-CAS) Column address strobe setup time before read 


tsu(Ra-cas) Cloumn address strobe setup time before row address 


tsu(s) tsu(cs) Chip select setup time 


tsu(s-w) tsu(cs-wr) Write setup time before chip select 


tsu(w) tsu(wr) Write setup time 

High-level to low-level transition time the time interval between specified reference points on the edge of the output pulse when the output is 
going to. the low(high) level and when a specified input signal is applied through a specified network and 

Low-level to high-level transition time the output is loaded by another specified network 


true 





ttt 
tyia) tdv(ap) Data valid time after address 


tdvice) Data valid time after chip enable 


° 


tie) 
tv(e)pR tv(cE)PR Data valid time after chip enable in program mode 


tvia) tv(oE) Data valid time after output enable 


tv(pR) Data valid time after program 


tvs) tvics) Data valid time after chip select 


tw Pulse width (pulse duration)the time interval between specified reference points on the leading and training edges of the waveforms 


twie) twice) Chip enable pulse width 


tw(eH) twiceH) Chip enable high pulse width 
twieL) twieL) Chip enable low pulse width 


tw(pr) Program pulse width 


twp) twirb) Read pulse width 
twis) twics) Chip select pulse width 
twiw) twiwr) Write pulse width 


tw¢) Clock pulse width 


Ta Ambient temperature 
Topr Operating temperature 
Tstg Storage temperature 


Ves 







Voc 
Vop 


Vea 


Vee supply voltage 
Voc supply voltage 
Vop supply voltage 
Vea supply voltage 


Input voltage 


High-level input voltage—the value of the permitted high-state voltage at the input 

Low-level input voltage—the value of the permitted low-state voltage at the input 

Output voltage 

High-level output voltage—the value of the guaranteed high-state voltage range at the output 


Low-level output voltage—the value of the guaranteed low-state voltage range at the output 
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1 INTRODUCTION 

IC & LSI have made rapid technical progress in electrical 
performances of high integration, high speed, and sophisti- 
cated functionality. And now they have got boundless wider 
applications in electronic systems and electrical ap- 
pliances. 

To meet the above trend of expanding utilization of IC & 
LSI, Mitsubishi considers that it is extremely important to 
supply stable quality and high reliable products to cus- 
tomers. 

Mitsubishi Electric places great emphasis on quality as a 
basic policy “Quality First’, and has striven always to im- 
prove quality and reliability. 

Mitsubishi has already developed the Quality Assurance 
System covering design, manufacturing, inventory and de- 
livery for IC & LSI, and has supplied highly reliable pro- 
ducts to customers for many years. The following articles 
describe the Quality Assurance System and examples of 
reliability control for Mitsubishi Single-chip 16-bit Micro- 
computer. 


2. QUALITY ASSURANCE SYSTEM 

The Quality Assurance System places emphasis on built-in 
reliability in designing and built-in quality in manufacturing. 
The System from development to delivery is summarized in 
Figure 1. 


2.1 Quality Assurance in Designing 

The following steps are applied in the designing stage for a 

new product. 

(1) Setting of perfomance, quality and reliability target for 
new product. 

(2) Discussion of performance and quality for circuit de- 
sign, device structure, process, material and package. 

(3) Verification of design by CAD system to meet standar- 
dized design rule. 

(4) Functional evaluation for bread-board device to confirm 
electrical performance. 

(5) Reliability evaluation for TEG (Test Element Group) 
chip to detect basic failure mode and investigate fai- 
lure mechanism. | 

(6) Reliability test (In-house qualification) for new product 
to confirm quality and reliability target. 

(7) Decision of pre-production from the standpoint of per- 
formance, reliability, production flow/conditions, pro- 
duction capability, delivery etc. 


2.2 Quality Assurance in Manufacturing 

Quality assurance in manufacturing is performed as follows. 

(1) Environment control such as temperature, humidity and 
dust as well as deionized water and utility gases. 

(2) Maintenance and calibration control for automatized 
manufacturing equipments, automatic testing equip- 
ments, and measuring instruments. 


(3) Material control such as silicon wafer, lead frame, 
packaging material, mask and chemicals. 

(4) In-process inspections in wafer-fabrication, assembly 
and testing. 

(5) 100% final inspection of electrical characteristics, 
visual inspection and burn-in, if necessary. 

(6) Quality assurance test 
-Electrical characteristics and visual inspection, lot by 
lot sampling 
-Environment and endurance test, periodical sampling. 

(7) Inventory and shipping control, such as storage en- 
vironment, date code identification, handling and ESD 
(Electro Static Discharge) preventive procedure. 


2.3 Reliability Test 

To verify the reliability of a product as described in the Mit- 
subishi Quality Assurance System, reliability tests are per- 
formed at three different stages in new product develop- 
ment, pre-production and mass-production. 

At the development of a new product the reliability test 
plan is fixed corresponding to the quality and reliability 
target of each product, respectively. The test plan includes 
in-house qualification test and TEG evaluation, if necessary. 
TEG chips are designed and prepared for new device 
structure, new process and new material. 

After the proto-type product has passed the in-house qual- 
ification test, the product advances to the pre-production. In 
the pre-production stage, the specific reliability tests are 
programmed and performed again to verify the quality of 
pre-production product. 

In the mass production, the reliability tests are performed 
periodically to confirm the quality of the mass production 
product according to the quality assurance test program. 
Table 1 shows an example of reliability test program for 
plastic encapsulated IC & LSI. 


Table 1 TYPICAL RELIABILITY TEST PROGRAM 


FOR PLASTIC ENCAPSULATED IC & LSI 
Test condition 
230°C, 5sec. Rosin flux 
260°C, 10sec. 
—55°C, 125°, 15cycles 






Group Test 

1 Solderability 
Soldering heat 
Thermal shock 
Temperature cycling 
Lead fatigue 
Shock 








NO 


—65'C, 150°C, 100cycles 
250gr, 90°, 2arcs 

20G, 100~~2000Hz 

X, Y, Z direction 

4min./cycle, 4cycles/direction 
Ta=125T, Vcocmax 
1000hours 


Ta=150°C, 1000hours 


85°C , 85%, 1000hours 










Vibration 


Constant acceleration 





Operation life 


High temperature 
storage life 


High temperature and 
7 high humidity 


Pressure cooker 1217, 100%, 100hours 








9 MITSUBISHI 
ELECTRIC 


1-21 


MITSUBISHI MICROCOMPUTERS 


QUALITY ASSURANCE AND RELIABILITY TESTING 































DESIGN/ | 
STAGE| MARKET SALES PRODUCTION | MANUFACTURING OReVIRANICE SASOL 
NGINEERIN 


MARKET SURVEY 


i STRATEGIC PRODUCT PLAN 












D) N/DEVELOPMENT/ 
DESIGN REVIEW 


E 
es 
HARACTERIZATION 


tk een QUALIFICATION (1) 


DECISION OF PRE-PRODUCTION 


PREPARATION 
OF SPECS./ 
INSTRUCTION 


PRE-PRODUCTION 


DESIGN/DEVELOPMENT- 

















QUALIFICATION (2) 


DECISION OF MASS PRODUCTION 


PRODUCTION 


PRE- 





MATERIAL 

INCOMING 
TEST 

WA 


jp. oon 
[ ASSEMBLY | 
INSPECTION 
stietctaia 4 QUALITY 


ASSURANCE TEST 











MASS PRODUCTION 





IN-PROCESS 






—— SMALL GROUP ACTIVITY (QC CIRCLE) 
2 TRAINING AANA AA 


ome | 

re) 

xc 

-_~ 

z 

O 

O 

po 

O O = 

2 a 

QUALITY DATA/FAILURE ANALYSIS/QUALITY - = 

IMPROVEMENT E 6 

o 

, QO > 

a z & 
TT INVENTORY 3S 
> , - 
= .-¢ 
Ww (omg 
ra) ORDER INVENTORY a 
— CONTROL = 
a SHIPPING 2 
Eee ee z 
Ss < 
O O : 
- F | RETURNED PRODUCT -) i 
O 5 2 
a O U Oo. 
Qa — 
> > 
Q WwW 

| 
ul 

i | 


QUALITY CONTROL 
DOCUMENT CONTROL—?7?7]77T_— ""—"""" 


——— FLOW OF PRODUCT — > FLOW OF INFORMATION 
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2.4 Returned Product Control 

When failure analysis is requested by a customer, the 
failed devices are returned to Mitsubishi Electric via the 
sales office of Mitsubishi using the form of “Analysis Re- 
quest of Returned Product” 

Mitsubishi provides various failure analysis equipments to 
analyze the returned product. A failure analysis report is 


RETURNED PRODUCT 
ISSUE ANALYSIS REQUEST 
FOR RETURNED PRODUCT 


FAILURE ANALYSIS 


4 


ACCEPTANCE |4 


EJECTIO 













x 


SIMULATION TEST INSPECTION 


ELECTRICAL 
CHARACTERISTICS TEST 


[ACCEPTANCE 






REPORT 
GENERATION 


OF QUALITY 


REPORT TO 
CUSTOMER 


VISUAL INSPECTION 
ELECTRICAL 
CHARACTERISTICS TEST 
CLASSIFICATION OF 
FAILURE MODES 


INTERNAL VISUAL 


CHIP ANALYSIS 


INVESTIGATION OF CAUSE] | SRG ctSe RECORD 


PRELIMINARY 


CORRECTIVE ACTION 


CONFIRMATION 





FIXED CORRECTIVE ACTION 
PREVENTIVE MEASURES 


generated to the customer upon completion of the analysis. 
The failure analysis result enforces taking corrective action 
for the design, fabrication, assembly or testing of the pro- 
duct to improve reliability and realize lower failure rate. 
Figure 2 shows the procedure of returned product control 
from customer. 


— | 
CONFIRMATION OF | 
L_ FAILURE CAUSE Seq 





NO GO. 





Fig.2 PROCEDURE OF RETURNED PRODUCT CONTROL 
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3 RELIABILITY TEST RESULTS 

The reliability test results for Mitsubishi Single-chip 16-bit 
Microcomputers are shown in Table 2. _ 

Table 2 shows the result of endurance tests of high temper- 


Table 2 ENVIRONMENTAL TEST RESULTS 




































/M37702M4BXXXFP xX XFP 




























M37702M4B x X X FP a 
M37703M2A x X xSP 38000 
MELPS 7700 38 38000 —— 
Nish stehsaapetirs tse, ry [_38_[ sooo |e 
operating life M37732S4L GP | 38 =| 38000 | Oo | 
M37702E4B x X X FP | 38 =| 38000 | oF | 
Built-in PROM version | M37704E2A X X XFP | 38 =| 38000 | oF | 
M37T10E4B x x X FP [32,—«| «32000 | Ooi” 
[22 [e200 [0 
M37703M2A xX X XSP ae a 
MELPS 1700 22 [220007 0 
High-temperature M37730S2AFP nee | 22, «| «22000 | Oo” 
storage M37732S4L GP | 22 | 22000 | Oo | 
M37702E4B x x X FP | 22 | 22000 | OF | 
Built-in PROM version | M37704E2A x X XFP | 22 | 22000 | o | 
32 | se000 
M37702M4B x xX X FP | 22 | 22000 | Oo 
, M37703M2A x x X SP | 22 | 22000 | os 
MELPS 7700 M37720S1AFP | 32 | 22000 | oF | 
High-temperature, M37730S2AFP BA eget eg | 22 | 22000 | Oo | 
rigt-hurisity with bias B596RH,5.5V [72 [ za000 | 0 
M37702E4B X X X FP | 22, «| «22000 | Oo" 
Built-in PROM version | M37704E2A x x XFP | 22 | 22000 | oT 
M37710E4B x x X FP | 22 =| 22000 | OF | 
MaTTO2MAB x x x FP Toe | e200 [0 
operating life ei _ 22 | 22000 | 


MELPS 1700 

eee ee Pree 
| 

Built-in PROM version 


ature operating life and high temperature storage test and 
the results of the environment tests of thermal stress, high 
temperature/high humidity and pressure cooker test for the 
single-chip 16-bit Microcomputer. 





























































0/22 0/22 0/22 
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Type Number 


bak 10 100 300 


















M37702M4B x x X FP 0/22 

M37703M2A x x X SP 0/22 

MELPS 7700 M37720S1 AFP 

aeeeune oe 
Built-in PROM version 

M37710E4B x X FP | 0/22 | 0/22. | «0/22 











- Package 
T 
Test Condition 84P0 |80P6N/} 80P6 | 80P6S | 80P6D |100P6D/ 128P6 










Soldering Heat 260°C 10sec 0/22 | 0/38 0/66 | 0/22 0/22 0/22 0/22 | 0/22 
Thermal Shock —55°C/125T 15cycle 0/38 | 0/66 | 0/22 | 0/22 | 0/22 | 0/22 | 0/22 

















Solderebility 230°C Ssec Using a rosin-type Flux 0/22 | 0/22 | 0/66 | 0/22 | 0/22 |; 0/22 | 0/22 | 0/22 
Free Fall T5cm onto a maple wood board 3times 0/22 0/22 0/44 0/22 0/22 0/22 0/22 0/22 
Shock 1500G 0.5msec X,Y, and Z directions 0/22 0/22 0/22 0/22 0/22 0/22 0/22 0/22 
Vibration £0G ey ane 2 directions: Stimes: 100 soyae: | saree) 0/22. kG) 22 || wosee | Oyen | 0722+) 0722 
~2000Hz2z 4minutes/Cycle 

Constant Acceleration | 2000G Ydirection tminute 0/22 0/22 0/22 | 0/22 0/22 0/22 0/22 0/22 
etiniseen 250g(125g) 90° Berding 2times, *50g,90° | 0/15 | (0/15) | (0/15) | (0/15) | (0/15) | *0/15 | *0/15 | (0/15) 

grity 500g(250g) Tension 30sec, *1009, 30sec 0/15 | (0/15) | (0/15) | (0/15) | (0/15) 15 | (0/15 
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4 FAILURE ANALYSIS 

Accelerated reliability tests are applied to observe failures 

casued by temperature, voltage, humidity, current, mecha- 

nical stress and those combined stresses on chips and 

packages. 

Examples of typical failure modes are shown below. 

(1) Wire Bonding Failure by Thermal! Stress 
Figure 3, Figure 4 and Figure 5 are examples of a fai- 
lure occured by high temperature storage test of 225C, 
1000hours. 
Au-Al intermetallic formation, so-called “Purple 
plague” by thermal overstress makes Au wire lift off 
from aluminum metallization. The activation energy of 
this failure mode is estimated at approximately 1.0eV 
and no failure has been observed so far in practical 
uses. 





Fig.6 
Micrograph of corroded 
Aluminum metallization 





Fig.3 
Micrograph of lifted Au ball trace 
on Al bonding pad 









Fig.? Enlarged micrograph of corroded 
Aluminum bonding pad 





Fig.4 Fig.5 
Au-Al plague formation Lifted Au wire ball base 
on bonding pad 


(2) Aluminum Corrosion Failure by Temperature/Humidity 
Stress. 
Figure 6, Figure 7 and Figure 8 are examples of cor- 
roded failure of aluminum metallization of plastic en- 
capsulated IC after accelerated temperature/humidity 
storage test (pressure cooker test) of 121°C, 100%RH, 
1000hours duration. 
Aluminum bonding pad is dissolved by penetrated wa- 
ter from plastic package, and chlorine concentration is 
observed on corroded aluminum bonding pad as shown 
in Figure 8. 





Fig.8 Cl distribution on corroded Aluminum 
bonding pad 
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(3) Destructive Failure by Electrical Overstress 
Surge voltage marginal tests have been performed to 
reproduce the electrical overstress failure in field uses. 
Figure 9 and Figure 10 are examples of failure 
observed by surge voltage test. The trace of destruc- 
tion is verified as the aluminum bridge by X-ray micro 
analysis. 


UR BURGE 
psx DESTRUCTION 


i‘ 


? * 
\ 
Ny 
Ny 
we 

nae NY 

UMAR AI 


es 








Fig.9 Micrograph of surge 
voltage destruction 
RAC STO tam 

, SU 


Aluminum trace of 
destructive spot 





Fig.10 


(4) Aluminum Electromigration 
Figure 11 shows an open circuit of aluminum metalliza- 
tion in high current density region caused by acceler- 
ated operation life test. This failure is due to aluminum 
electromigration. Voids and hillock have been formed 
in aluminum metallization by high current density op- 
eration. 





Voids and hillocks formation 
by Aluminum electromigration 


Fig.11 


5 SUMMARY 

The Mitsubishi quality assurance system and examples of 

reliability control have been discussed. The customer's in- 

terests and requirements for high reliability IC & LSI are in- 
creasing significantly. To satisfy customer's expectancy. 

Mitsubishi as an IC vendor, would like to make perpetual 

efforts in the following areas. 

(1) Emphasis on built-in reliability at design stage and re- 
liability evaluation to investigate latent failure modes 
and acceleration factors. 

(2) Execution of periodical endurance, environment and 
mechanical test to verify reliability target and realize 
higher reliability. | 

(3) Focus on development of advanced failure analysis 
techniques. Detail failure analysis, intensive corrective 
action and quick response to customer's analysis re- 
quest. 

(4) Collection of customer's quality data in qualification, in- 
coming inspection, production and field use to improve 
PPM, fraction defective and FIT, failure rate. 

Mitsubishi would highly appreciate if the customer would 

provide quality and reliability data of incoming inspection or 

field failure rate essential to verify and improve the quality/ 
reliability of IC & LSI. 
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A MOS transistor has a very thin oxide insulator under the 
gate. electrode on the silicon substrate. It is operated by 
altering the conductance (g,,) between source and drain to 
control mobile charges in the channel formed by the 
applied gate voltage. | 

If a high voltage were applied to a gate terminal, the 
insulator-film under the gate electrode could be destroyed, 
and all Mitsubishi MOS IC/LSIs contain internal protection 
circuits at each input terminal to prevent this. It is inherent- 
ly necessary to apply reverse bias to the P-N junctions of a 
MOS IC/LSI. 


Under certain conditions, however, it may be impossible _ 


to completely avoid destruction of the thin insulator-film due 
to the application of unexpectedly high voltage or thermal 
destruction due to excessive current from a forward biased 
P-N junction. Therefore the following recommendations 
should be followed in handling MOS devices. | 


1. KEEPING VOLTAGE AND CURRENT TO 
EACH TERMINAL BELOW MAXIMUM 
RATINGS 


1. The recommended ranges of operating conditions 
provide adequate safety margins. Operating within these 
limits will assure maximum equipment performance and 
quality. 

2. Forward bias should not be applied to any terminal since 
excessive current may cause thermal destruction. 

3. Output terminals should not be connected directly to 
the power supply. Short-circuiting of a terminal to a 
power supply having low impedance may cause burn-out 
of the internal leads or thermal destruction due to 
excessive current. 


KEEPING ALL TERMINALS AT THE 
SAME POTENTIAL DURING TRANSPORT 
AND STORAGE 


When MOS IC/LSIs are not in use, both input and output 
terminals can be in avery high impedance state so that they 
are easily subjected to electrostatic induction from AC 
fields of the surrounding space or from charged objects 
in their vicinity. For this reason, MOS IC/LSIs should be 
protected from electrostatic charges while being transported 
and stored by conductive rubber foam, aluminum foil, 
shielded boxes or other protective precautions. 


3. KEEPING ELECTRICAL EQUIPMENT, 


WORK TABLES AND OPERATING 
PERSONNEL AT THE SAME POTENTIAL 


1. All electric equipment, work table surfaces and operat- 


. Current 


ing personnel should be grounded. Work tables should 
be covered with copper or aluminum plates of good 
conductivity, and grounded. One method of grounding 
personnel, after making sure that there is no potential 
difference with electrical equipment, is by the use of a 
wristwatch metallic ring, etc.. attached around the wrist 
and grounded in series with a 1M {2 resistor. Be sure that 
the grounding meets national regulations on personnel 
safety. 

leakage from electric equipment must be 
prevented not only for personnel safety, but also to 
avert the destruction of MOS IC/LSIs, as described 
above. Items such as testers, curve-tracers and synchro- 
scopes must be checked for current leakage before being 
grounded. 


PRECAUTIONS FOR MOUNTING OF 
MOS IC/LSIs 


. The printed wiring lines between input and output ter- 


minals of MOS IC/LSIs should not be close to or parallel 
to high-voltage or high-power signal lines. Turning pow- 
er on while the device is short-circuited, either by a sol- 
der bridge made during assembly or by a probe during 
adjusting and testing, may cause maximum ratings to be 
exceeded, which can result in the destruction of the 
device. | 


. When input/output, or input and/or output, terminals 


of MOS IC/LSIis (now open-circuits) are connected, 
we must consider the possibility of current leakage and 
take precautions similar to §2 above. To reduce such 
undesirable trouble, it is recommended that an interface 


circuit be inserted at the input or output terminal, or a 


resistor with a resistance that does not exceed the 
output driving capability of the MOS IC/LSI be inserted 
between the power supply and the ground. 


_ A filter circuit should be inserted in the AC power 


supply line to absorb surges which can frequently be 
strong enough to destroy a MOS IC/LSI. 


. Terminal connections should be made as described in the 


catalog while being careful to meet specifications. 


. Ungrounded metal plates should not be placed near 


input or output terminals of any MOS IC/LSls, since 
destruction of the insulation may result if they become 
electrostatically charged. 


. Equipment cases should provide shielding from electro- 


static charges for more reliable operation. When a plastic 
case is used, it is desirable to coat the inside of the case 
with conductive paint and to ground it. This is considered 
necessary even for battery-operated equipment. 
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~ MASK ROM/EXTERNAL ROM VERSION 
M37702 GROUP 20 
M37703 GROUP 
M37704 GROUP 
M37705 GROUP 
M37730 GROUP 
M37732 GROUP 


M37702 GROUP MASK ROM/EXTERNAL ROM VERSION 
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M37702 Group 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





M37702 GROUP 


The M37702 group is a general purpose microcomputer and | 


a base in the MELPS 7700. This group has a variety of types 
according to various and high-performance applications. Es- 
pecially, the following suits to needs of industrial and public 
welfare equipments in recent years : 


@External clock input frequency 25MHz (“B” version) 
The fastest instruction execution time ..............06. 160ns 
@Low supply voltage ; 2.7V—5.5V, wide operating tempera- 
ture range (“L” version) 
@Small package 


BOPED-A ue ceccecseseseeseeeeee cuneate 0.5mm lead pitch 
SOP GSA iso rco eee tcotesaneesiets 0.65mm lead pitch 
@Large internal memory 
POW ienseceowicveviriewn asd emer 60K bytes 
FRA eseecsenens et ec aseLEs Gea nactpearsenud eaters 2048 bytes 
FEATURES 


@Optional use as memory expansion and external ROM (ex- 
cept for some types) 

@Choice of external clock input frequency : 16MHz; 25MHz 
versions for all types | 

@Available one time PROM version and windowed EPROM 
version | 

@Peripheral functions 


WO OON ose ceeteiot ai anucrbanae uiey sea ticcapenstate vin cicenu aie ketenes 68 
SUMTSTE UPL is bes vocen ee ess soe sages coe eetees ss: 19 types, 7 levels 
«Multiple function 16-bit timer ........ ee eeeteeceeeeeeees 543 
*Serial I/O (clock synchronous / asynchronous) ............... 2 
*8-bit A-D converter ............cccccccceeeseeees 8-channel inputs 


°12-bit watchdog timer 


APPLICATION 


Control devices such as Copier, HDD, Data terminal, Print 
engine for page printer, Cellular radio telephone, Cordless 
telephone, Radio communication, Personal information 
equipment, Electronic music instrument 


Type name 


Represent MELPS 7700 


M37702 group expansion 


ROM | Group name| Memory size 
type | + Memory (Byte) 
identification| ROM | 


Mask | M37702M2 | 16K | 512 
ROM | M37702M3 1024 
M37702MD | 32K | 102 


M37702M4 | 32K | 2048 
M37702M6 2048 
M37702M8 | 60K 


One 
PROM 












Frequency: Temp. Package 
(Note 1) 





ao 


M37702E8 | 60 
M37702E2 | 16K 


M37702E4 | 32K 
M37702E6 | 48K 


M37702E8 | 60K 


Externall M37702S1 
ROM | M37702S4 


@: NOW 3x: NEW 3%: UNDER DEVELOPMENT 


Note 1. “L” version’s package is 80P6N-A, 80P6S-A or 
80P6D-A. Confirm its package on the following 
pages. 

_ 2. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 

3. “A” version which external clock input frequency is | 
16MHz is available for the M37702M2/M4/E2/E4/ 
$1/S4. 





M37702E6 | 48K 
K 











% About PROM version, refer to “Chapter 3 PROM VER- 
SION”. 

* The former 8MHz version was unified into “A” version. “A” 
version satisfies the timing requirements and the switching 
characteristics of 8MHz version. 


Package type 


M377 02 M2B XXX FP/ Bi ad 


Group designation / 


\, Memory size identification 


HP :Fine-pitch QFP(0.5mm lead pitch) 
FS :QFN(ceramic type) 


| ME |S 


Memory identification 
M:Mask ROM*RAM 


E :PROM-RAM 
S :RAM(external ROM) 





|ROM| RAM| 


External clock input frequency 
operating temperature range 
A :16MHz(Ta= -20°C to +85) 
B :25MHz(Ta= -20° to +85°C) 
E :16MHz(Ta= —40°C to +85) 
L :8MHz(Ta= —40°C to +85°C, Vcc=3V) 


M37702M2-XXXFP and | 
M37702S1FP are respectively 
unified into M37702M2AXXXFP 
and M37702S1AFP. 


DESCRIPTION 

The M37702M2AXXXFP is a single-chip microcomputers 
designed with high-performance CMOS silicon gate tech- 
nology. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re- 
quire high-speed processing of large data. 

The differences between M37702M2AXXXFP, M37702M2B 
XXXFP, M37702S1AFP and M37702S1BFP are the ROM 
size and the external clock input frequency as shown be- 
low. Therefore, the following descriptions will be for the 
M37702M2AXXXFP unless otherwise noted. 










External clock input frequency 
16K bytes 16MHz 
16K bytes 25MHz 


16MHz 


M37702S1BFP 25MHz 








FEATURES 

@ Number of basic instructions:::::++:++-1++++reteeteeree eee 103 

r Memory size ROM Se 16K bytes 
RAM wee eee emcee cree erect re eteweee 51 2 bytes 


@® Instruction execution time 
M37702M2AXXXFP, M37702S1AFP 


(The fastest instruction at 16MHz frequency):--::-- 250ns 

M37702M2BXXXFP, M37702S1 BFP 

(The fastest instruction at 25MHz frequency):----- 160ns 
e Single power supply ie eRe aah ese Ueland Sek Somes eine. 5:08 otateeats 5V+10% 
@ Low power dissipation (at 16MHz frequency) 

dis ised ein’ he-giain ania edt erdeaew eek 6OmW (Typ.) 

SINTER DES seer ree eee ce een eee? 19 types 7 levels 
e@ Multiple function 16-bit timer Cece ere e rem n eres asrecnresceves 5+3 
@ UART (may also be synchronous) eMad Mens ou uNdae yw aemeag enretare 2 
@ 8-bit A-D converter -: 1:7: rrr 8-channel inputs 
@ 12-bit watchdog timer 
@® Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) ie 68 
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PIN CONFIGURATION (TOP VIEW) 


13] ++ P89/CTSo/RTSo 


+> P8,/CTS,/RTS, 
— P8-/CLK, 


P7)/ANo +> 


+> P15/A19/D49 
> P14/Ay4/D44 
+> P14/A40/D12 
+> Pte/Aja/Di3 
+ Pi6/Ay4/Dy4 
+> Pt7/Aye/Dag 
ag P26/A16/Do 
— P2,/A47/D, 
+> P25/A138/Do 
par P23/A149/D3 


djglScoZZew 
JO 
dAaVIScOZZew 
JO 
daxxxdceWc0ZZeEw 
10 
d4XxXxvVcWcOZZEwn 


P4,/RDY +> 


S| 
on 
Ww 
w 
S| 
eS 
w 
Ea 
w 
fez] 
w 
[S| 
w 
[S| 
WwW 
wo 


P3,/BHE < 

P39/R/W + 
P27/A23/D7 at 
P24/A29/D4 +> S| 


P49/HOLD «+ 
P33/HLDA <> 

P32/ALE ++ 
P25/A22/De6 at 
P25/Ao1/Ds + 


Outline 80P6N-A 


* : Used in the evaluation chip mode only 


APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments. 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


The M37702M2AXXXFP and M37702S1AFP satisfy the 


timing requirements and the switching characteristics of 
the former M37702M2-XXXFP and M37702S1FP. 
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FUNCTIONS OF M37702M2AXXXFP 


Number of basic instructions 103 
M37702M2AXXXFP, M37702S1AFP 250ns (the fastest instruction at external clock 16MHz frequency) 


M37702M2BXXXFP, M37702S1BFP 160ns (the fastest instruction at external clock 25MHz frequency) 
16K bytes 


512 bytes 
8 -bitx 8 


4 -bitX 1 
16-bitX 5 
16-bitX 3 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 


























instruction execution time 


Memory size 


Input/Output ports 




















PO~P2, P4~P8 











TAO, TAI, TA2, TAS, TA4 | 
TBO, TB1, TB2 









Multi-function timers 






















Interrupts 




















Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V410% 
60mW(at external clock 16MHz frequency ) 


5V 


ae Input/Output voltage 
Input/Output characteristic 
Output current 5mA 
Memory expansion Maximum 16M bytes 
Operating temperature range —20~85C 


Device structure CMOS high-performance silicon gate process 
Package 80-pin plastic molded QFP 








Supply voltage 





Power dissipation 
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PIN DESCRIPTION 


Voc: '| Power supply 
Vss | 
CNVssg input This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
RESET Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


Clock input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 


Supply 5 V+10% to Vec and 0 V to Vgs. 








and the Xour pin should be left open. 


Enable output 


BYTE Bus width selection input 
AVcc Analog supply input 
AVss 


VREF 


POo~ P07 


Pio~P17 I/O port P1 


P29~~ P27 1/O port P2 
P39~ P33 1/O port P3 
4 


P49~P47 1/O port P4 





tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 






in memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


















Reference voltage input 








In single-chip mode, port PO becomes an 8-bit 1/0 port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


1/O port PO 












In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D1s~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Do) is input or output when E output is “L” and an address(Ao3~Ai¢) is 
output when E output is “H”. 








in single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





















In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xi pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 





I/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer AO, timer A1, timer A2 and timer A3. 





1/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 





pins for timer A4, external interrupt input INTo, INT; and INT». pins, and input pins for timer BO, timer B1 and 
timer B2. 
P79~P77 I/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 





P89~P87 1/O port P8& . In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 

The M37702M2AXXXFP contains the following devices on a 
single chip: ROM and RAM for storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, and other peripher- 
al devices such as I/O ports. Each of these devices are de- 
scribed below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0, to FFFFFF,,. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 04, to FF4.. 

Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank 046. 


00000016 


000000;, 
00007Fi¢ 
0000801¢ 


OOFFFFi¢ 
010000i¢ 


00027 F i, 


Bank 116 


O1FFFF\¢ 


FEQ000i¢ 


Bank FE, 


FEFFFFi¢ 
FF0000\¢ 


Bank FF;., 


FFFFFFi¢ 


Fig. 1 Memory map 





The 16K bytes area from addresses C0001, to FFFFi¢ is the 
built-in ROM. Addresses FFD6,, to FFFF,, are the RESET 
and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 

The 512 bytes area from addresses 801, to 27F,, contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0;, to 7Fi, are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 0, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


Internal RAM 
see Fig. 2 for 
512 bytes 


further information 


™~ 
00007F 1, 


Interrupt vector table 


UARTO receive 
Timer B2 
Timer B1 
Timer BO 














Timer A3 
Timer A2 
Timer Al 
Timer AO 


INT. 
16K bytes INT, — 








Internal ROM 





Watchdog timer — 


DBC 
BRK instruction 
Zero divide 
OOFFFE:6 
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Address (Hexadecimal notation) Address. (Hexadecimal notation) 





000000 000040 Count start flag 

000001 000041 . 

000002 Port PO | 000042 One-shot start flag 

000003 Port P1 ; 000043 

000004 Port PO data direction register 000044 Up-down flag 

000005 | Port P1 data direction register 000045 [| eee ) 
000006 Port P2 000046 Timer AO 
000007 Port P3 000047 

000008 | Port P2 data direction register | 000048 [+e ad 

000009 Port P3 data direction register 000049 

QOOO0OA | PortP4 00004A | -.oAD | 
00000B Port P5 00004B 


00000C | Port P4 data direction register | 00004C 
00000D Port P5 data direction register 00004D 
QO000F | Port P7 00004F 



















































000010 Port P6 data direction register 000050 Timer BO 

000011 Port P7 data direction register 000051 | 

000012 Port P8 000052 Timer Bt 

000013 000053 

000014 Port P8 data direction register 000054 Timer B2 

000015 000055 

000016 000056 Timer AO mode register 

000017 000057 Timer A1 mode register 

000018 000058 Timer A2 mode register 

000019 000059 
O0001A O0005A 
00001B 00005B 
00001C 00005C Timer B1 mode register 

00001D 00005D Timer B2 mode register 

00001E A-D control register OOO05E Processor mode register 

00001F A-D sweep pin selection register ~  QO0005F 

000020 000060 

00002t | 000061 

000022 A-D register 1 000062 

000023 | 000063 

000024 000064 

000025 fo 000065 

000026 000066 

000027 | 000067 

000028 A-D register 4 000068 

000029 000069 _| 
00002A A-D register 5 OO006A 

00002B 00006B _| 
00002C A-D register 6 00006C 

00002D 00006D 

00002E 00006E 

00002F OOO06F 

000030 UART 0 transmit/receive mode register 000070 A-D conversion interrupt control register 
000031 000071 UARTO transmission interrupt control register 
000032 | 000072 | UARTO receive interrupt control register 
000033 000073 UART1 transmission interrupt control register 
000034 000074 UART1 receive interrupt control register 
000035 000075 Timer AO interrupt control register 

000036 000076 Timer A1 interrupt control register 

000037 000077 Timer A2 interrupt control register 

000038 UART 1 transmit/receive mode register 000078 Timer A3 interrupt control register 

000039 UART 1 bit rate generator 000079 Timer A4 interrupt control register — 
00003A UART 1 transmission buffer register 00007A Timer BO interrupt control register 

00003B ~  Q0007B- | Timer B1 interrupt control register 

00003C UART 1 transmit/receive control register 0 00007C Timer B2 interrupt control register 

00003D - 00007D | INTo interrupt control register 

aaa 00007E INT, interrupt control register 





00007F | INT> interrupt control register 


Fig. 2 Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


7 0 . 
Program bank register PG 


7 


Data bank register DT 


Fig. 3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“QO” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 

Index register X 

Index register Y 

Stack pointer S 

Program counter PC 
Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 
Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
- indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FF01,, or greater, the direct page 
area spans across bank 0;, and bank 1,.. All direct addres- 
sing modes use the contents of the direct page register 
(DPR) to generate the data address. If the low-order 8 bits 
of the direct page register (DPR) is “00,,_”, the number of 
cycles required to generate an address is minimized. Nor- 
mally the low-order 8 bits of the direct page register (DPR) 
is set to “00,,”. 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. | | 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 

When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “0” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “OQ”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“Q”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level O to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f;x,,) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue _ buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 
unit 





Fig. 4 Relationship between the CPU and the bus interface unit | 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 


(1) and (2). Internal clock ¢ LJ LJ LI LI LI LJ LI LI = 
The ALE signal is used to latch only the nade signal Port P2 


from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is. 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area in mem- 
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to “L”. (external data bus 
width to 16 bits) The internal memory area is always tre- ; E 
ated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Aj and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. | 

The bit 2 of processor mode register (address 5Ej¢) is the 
wait bit. When this bit is set to “O”, the “L” width of E signal 
is 2 times as long when accessing an external memory 
area in memory expansion mode or microprocessor mode. 
However, the “L” width of E signal is not extended when an 
internal memory area is accessed. When the wait bit is “1”, 
the “L” width of E signal is not extended for any access. D : Data 

Waveform (3) is an expansion of the “L” width of E signal in These waveforms are at the memory expansion mode and 
waveform (1). Waveform (4),(5), and (6) are expansion of the microprocessor mode. 

each “L” width of E signal in waveform (2), first half of 
waveform (2), and the last half of waveform (2) respec- 
tively. 

Instruction code read, data read, and data write are de- 


E 


Port P2 


ALE 


Port P2 


A : Address 


; Access 2-byte| Access even) Access odd 
scribed below. _ simultaneously] address 1-byte | address 1-byte 





“uy” . 














Fig. 5 Relationship between access method and 
signals Ag and BHE 
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Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is “H”, external 
data bus width is 8 bits and the address to be read is in ex- 
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

‘Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

Use the SEB and CLB instructions when setting each inter- 
rupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT; to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective 
section. : 
The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 


interrupt priority 


Interrupt request bit 


0 : No interrupt 
1 = Interrupt 


Table 1. 


Interrupt types and the interrupt vector 
addresses 











A-D conversion 
UART1 transmit | 


Interrupts 























UARTO receive OOFFDE,, OOFFDFi. 
Timer B2 OOFFEO,, OOFFE1i., 
Timer B1 OOFFE2,, OOFFE3;.¢ 
Timer BO OOFFE4,, OOFFE5:, 












Timer A4 
Timer A3 
Timer A2 
Timer A1 
Timer AO 
INT> external interrupt 
INT, external interrupt 


OOFFE7i¢ 
OOFFE9,, 
OOFFEBi¢ 
OOFFEDi¢ 
OOFFEF 1, 
OOFFF 11. 
OOFFF31¢ 






OOFFE6,, 
OOFFE8,, 
OOFFEA, 
OOFFECi, 
OOFFEE,, 
OOFFF0,, 
OOFFF2, 



































— 

























INTo external interrupt OOFFF4;, OOFFFS5i¢ 
Watchdog timer OOFFF64, OOFFF71. 
OOFFF8:¢  OOFFF 16 
OOFFFAis  OOFFFB1¢ 
_OOFFFC;, OOFFFD4¢ 












Zero divide 
Reset OOFFFE,., OOFFFF 4, 





Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


6 5 4 3.2 10 


as Soon, 


Interrupt priority | 


Interrupt request bit 


0 : No interrupt 
1: Interrupt 


Polarity selection bit 


0 : Set interrupt request bit at “H” level for level sense and when changing from ‘ ‘H” to “L” 
level for edge sense. 
1: Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. 
Level sense/edge sense selection bit 


0 : Edge sense 
1 : Level sense 


Interrupt control register configuration for INT2~INTo. 


Fig.6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Addresses 
000070,. 
00007116 
00007216 
00007346 
00007446 
00007546 
0000764. 
00007716 
00007846 
00007946 
00007Ai6 
00007B.6¢ 
00007Ci¢ 

_00007Di,_ 
00007E 16 
00007Fi¢ 


Interrupt contro! registers 
A-D conversion interrupt control register 
UARTO transmit interrupt control register 


UARTO receive interrupt control register 
































UART1 transmit interrupt control register 





UART1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
































Timer A4 interrupt control register 








Timer BO interrupt control register iy 


—+. 





Timer B1 interrupt control register 








Timer B2 interrupt control register 











INT interrupt control register _ 











INT, interrupt control register i! 











INT. interrupt control register 


Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit.-When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “0” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 








Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


@ @ ® 
Watchdog 
Reset 
A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside 4: 


Fig. 7 Interrupt priority 


Level 0 


A-D conversion 

Interrupt request UART1 transmit 

UART1 receive 

UARTO transmit 

UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 


Timer A3 


Watchdog 
timer 


Timer A2 


= DIK Dl, ol. 


a 
NO 


Timer A1 


Interrupt disable flag | Timer AO 


/\ 


z 
me 


; 
+ 
ro) 


KKK AKER KKTKIKIKIKEK 


Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,¢) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 


of cycles. After a reset, the processor mode register is in-. 


itialized to “O04,” 
selected. 
However, the shortest time should be selected by software. 


and therefore, the longest time is 


‘Internal clock ¢ 


Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 


Interrupt types Setting value 


DBC i 
Not change value of IPL. 


Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 


Priority level resolution time selection bit 


0 0 
1 O- 


¢* internal clock 















Number of cycles 



















7 cycles of ¢ 
4cycles of ¢ 
2 cycles of ¢ 














Pesaeeeege es eeee eo 


Operation code fetch vie [| | f Le 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 


Fig. 9 Interrupt priority resolution time 


76 5 4 32 1 0 
iii tiie 








Fig. 10 Processor mode register configuration 





ocessor mode register(5E,¢) 


Processor mode bits 
0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Evaluation chip mode 
Wait bit 
QO : Wait 
1 : No wait 
Software reset bit 
The processor is reset when this bit is set to “1”. 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
Q 1 : Select 1 in Figure 9 
10 : Select 2 in Figure 9 

Test mode bit 


Must be “0” 
Clock ¢, output selection bit 
0 : No ¢, output 
1: $4 output 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with !/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


fo fie f32 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selectéd clock starts when the count 
start flag is “1” and stops when it is “O”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,;,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


fea f512 


Clock source selection 

° Timer 

* One-shot 

¢ Pulse width podulation 


{pg =O 


fig —O 


Timer( gate function) 
© 


Event counter 
selection 


External trigger 


Down count 


Count start flag 


(4046) 


‘Data-bus (odd) © 


~ Data bus (even) 


|| fe 8 bits) a (Higher 8 bits) 


Reload register(16) 


ui) 


Counter(16) 
Addresses 


Up/Down TimerAd 4716 4646 


hoe decremented ie 49,6 4846 


except in event count mode]! _ 
TimerA2 4Bi¢ 4Ai6 


- TimerA3 4Dy6 4Ci¢ 


TimerA4 4Fig 446 


Up-down flag O 


(44,6) 


Pulse output 


Toggle flip-flop 


Fig. 11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigyr pin. The output is toggled each 
time the contents of the counter reaches to 0000,;,. When 
the contents of the count start flag is “0”, “L” is output from 
TAiout pin. 

When bit 2 is “0”, TAigyy can be used as a normal port pin. 
When bit 4 is “0”, TAijy can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAijy pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAi\, input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi,y pin input 





signal is “H” and if bit 3 is “0”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAi,, pin must be 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). | 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5746 
Timer A2 mode register 5816 
Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


: No pulse output (TAioys is normal port pin) 


- Pulse output 


: No gate function (TAij, is normal port pin) 


: Count only while TAiyy input is “L” 


; Count only while TAijy input is “H” 


0 : Always “0” in timer mode 


Clock source selection bit 
0 0 : Select f, 
01 : Select fig 


10 : Select fea 


1 : Select f512 


Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag Address 


7 6 5 4 3 21 0 40 
LLL 


Timer AO count start flag 


Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 


Selected clock source fi 


Fo LI 


Timer mode register 
Bit 4 Bit 3 


eae UUW UU 


Timer mode register 


Bit 4 Bit 3 
UUUUUUU VUUUUUUL 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. 

The input signal from the TAij, pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “O”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAioyz pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “O” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigy; pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “OQ” if bit 4 is “1” because if bit 2 is “1”, TAigyy pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAiour pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAioy; pin be- 
fore valid edge is input to the TAijy pin. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000;, (decrement count) or 
FFFF,. (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is “1” and the counter reaches 0000;, 
(decrement count) or FFFF,,_ (increment count), the wave- 
form reversing polarity is output from TAioyt pin. 

If bit 2 is “0”, TAiourt pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAioy; pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
the TAiour pin is to be used to select the count direction. 





Timer AO mode register 


Timer A1 mode register 


Timer A2 mode register 


Timer A3 mode register 


Timer A4 mode register 














Addresses 
5616 


5716 
5816 
5916 
5Ai6 


- Always “01” in event counter mode 


- No pulse output 
- Pulse output 


: Count at the falling edge of input signal 
: Count at the rising edge of input signal 


: Increment or decrement according 


to up/down flag 


: Increment or decrement according 


to TAigur pin input signal level 


- Always “0” in event counter mode 


: Not used in event counter mode 





Fig. 15 _ Timer Ai mode register bit configuration 
during event counter mode 


Up- 


Tim 


Tim 





Address 


44 
down flag be 


Timer AO up-down flag 


er Ai up-down flag 


er A2 up-down flag. 


Timer A3 up-down flag 


Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 


0 : Two-phase pulse signal processing 


1 


disabled 
: Two-phase pulse signal processing 
mode 


Timer A3 two-phase pulse signal 

processing selection bit 

Q : Two-phase pulse signal processing 
disabled 


4 


- Two-phase pulse signal processing 
mode 


Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 


disabled 
: Two-phase pulse signal processing 
mode 





Fig. 16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjin pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAK pin after the level of TAkgur (k= 2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4oyur pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4our7 pin and TA4,, pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4,;, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4,, pin and TA4our 
pin. When performing this two-phase pulse signal proces- 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


Addresses 
Timer A2 mode register 5816 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


iL 0 1 : Always “01” in event counter mode 


0 100 ° Always “0100” when processing 
two-phase pulse signal 





XX : Not used in event counter mode 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 


(k=2, 3) 


Increment- Increment- Increment- 


count count count count count 





Decrement- Decrement- Decrement- 


count 


Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 





Increment-count at each edge 


Increment-count at each edge 





Decrement-count at each edge 


FLiLUr Wie 


. Decrement-count at each edge 
Fig. 18 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode [10) 
Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must ne “0” and bit 1 and bit 2 must 
be “1”. 
The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 
from the TAi\y pin. Software trigger is selected when bit 4 
is “QO” and the input signal from the TAijy pin is used as the 
trigger when it is “1”. | 
Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “O” and at the rise of the 
trigger signal when it is “1”. 
Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 
As shown in Figure 22, when a trigger signal is received, 
_ the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 00001., the TAigyr pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. 
When the counter reaches 0001;., The TAigyt pin goes “L” 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 
1 
pulse frequency of the selected clock 
X(counter’s value at the time of trigger). 
If the count start flag is “O”, TAignyr goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. 
Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
Undefined data is read when timer Ai is read. 








Addresses 
Timer AO mode register 3616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


- Always “10” in one-shot pulse mode 


- Always “1” in one-shot pulse mode 








- Software trigger 
: Trigger at the falling edge of TAiin 
input 


- Trigger at the rising edge of TAiyn, 
input 








- Always “0” in one-shot pulse mode 





Clock source selection 
0 0 : Select f, 
01 °: Select fy, 
10 : Select fea 


11 : Select fs1. 


Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 


Address 
V6.5 43 2 


One-shot start flag 4246 
Timer AO one-shot start flag 
Timer A1 one-shot start flag 


Timer A2 one-shot start flag 


Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Fig. 21 One-shot start flag bit configuration 
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Selected clock 
source fj 


TAiin 
(in case of the 


rising edge) 


TAigut | | | | 


Example when the contents of the reload register is 0003,, 





Fig. 22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAiny f | f | 


(in case of the 
rising edge) 


TAiout —_ if 4-2... 


Example when the contents of the reload register is 0004, 





Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width: modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal ‘from a TAiwy, pin (external 
trigger). 
The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAiourt when the timer Ai start flag is set to “1”. 
The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAi pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 
When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. | 
Then when the timer Ai start flag is set to “1” and a soft- 
ware trigger or an external trigger is issued to start modula- 
tion, the waveform shown in Figure 25 is output continuous- 
ly. Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 
1 

selected clock frequency 

and the output pulse period is 
1 

selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 





xm 


xX (2'>—1), 


order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000,, 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 57146 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4.mode register SAi6 


1 1 : Always “11” in pulse width modulation 
mode 


1: Always “1” in pulse width modulation 
mode 





0 X : Software trigger 


1 0 : Trigger at the falling of TAi, input 


1 1 : Trigger at the rising of TAiin input 


0 : 16 bit pulse width modulator 


1 : 8 bit pulse width modulator 





Clock source selection bit 
00 : Select f. 
01 : Select fy, 
10 ° Select fgg 


1 1 : Select fs42 





Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode © 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 


the period of the generated pulse is ister is m, the duration “H” of pulse is 
1 1 
oe KX Mm: 
selected clock frequency x(n +1). selected clock frequency ( ) 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the 1 8 
ayo OAS (NHI) (28-1). 
same as for 16-bit length pulse width modulator except that selected clock frequency 


1/fX (2'°—-1) 


ae? 


| | 
Selected clock r- r- 
source fj | ! - | 
| | 


| 

TAin | NN | 
(in case of the | |‘ This trigger is not accepted | 
rising edge) | 
| 


| | 
| 1/f|< (m) | 


Example when the contents of the reload register is 0003,¢ 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/f)X (n-+1) X (28-1) 


Selected clock 
source fj __ 


( 


Prescaler output 


(when n =2) 


| 
| 


8-bit length pulse 
width modulator 
output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1. of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “O” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection . 
* Timer 


f2 —OoO 


fig —-O \ width measurement 


fea —-O 


fs12 ——O 
Polarity selection Event counter 
and edge pulse 
generator 


TBin 
(i=0~2) 


* Pulse period measurement/pulse 


Count start flag 


_ As shown in Figure 13, the timer Bi count start flag is at the 

same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. | 
Timer Bi does not have a pulse output function or a gate 
function like timer A. 
When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


) gj ‘Lower 8 ay J 


Reload register(16) 


: panes 8 bits) 


Addresses 


Timer Bt 5316 5216 


Timer B2 5546 5446 


(40,6) 


Counter reset 


Fig. 27 Timer B block diagram 





circuit 





MITSUBISHI MICROCOMPUTERS 


M37702M2AXXXFP,M37702M2BXXXFP 
M37702S1AFP,M37702S1BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit O in the timer Bi mode -egister must be “1” and bit 1 
must be “OQ”. 
The input signal from the TBijy pin is counted when the 
count start flag is “1” and counting is stopped when it is “0”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “OQ” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode [10] 
Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. 
The pulse period measurement mode is selected when bit 
3 is “O”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBijy pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the. case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBi,y, pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 








Addresses 
Timer BO mode register 5By. 


Timer B1 mode register 5C,, 
Timer B2 mode register 5Dy, 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 


Not used in timer mode 





Clock source selection bit 
00 : Select fo 


01 : Select fig 
10 : Select fe, 


11 : Select fs12 


Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


Addresses 
Timer BO mode register 5By, 


Aa oe ee eo Timer B1 mode register 5Ci, 


Timer B2 mode register 5Di, 


0 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal 
: Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 


XXX : Not used in event counter mode 


Fig. 29 Timer Bi mode register bit configuration during 
event counter mode 


Addresses 
Timer BO mode register 5By,, 


76.5 a 3.2 0 Timer B1 mode register 5Ci., 


Timer B2 mode register 5Dy,, 

1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

0 1 : Count from the rising edge of 


input signal to the next rising one 
1 0 : Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 
Timer Bi overflow flag 


Clock source selection bit 
0 0 : Select f2 

01 : Select fie 

10 : Select fea 

1 1 ° Select fs12 





Fig. 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse — width 
measurement mode 
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After the contents of the counter is transferred to the reload 


register, an interrupt request signal is generated and the 


interrupt request bit in the timer Bi interrupt control register 


is set. However, no interrupt request signal is generated: 


when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBijy pin input signal to the next 
rise or from the rise of the input signal to the next fall as 


Selected clock 
source fj 


shown in Figure 32. 7 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBi,y pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 0000;¢. 
This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to “1” at reset. 





Reload register «— counter | | | | 





| 
| 
| 
| 


Counter+-0 | | | | 


Count start flag | 


| 
| 
| 
| 
| 


| 
| 
| 


interrupt request signal nnn | | 


Fig. 31 
next falling one) 





Pulse period measurement mode operation (example of measuring the interval between the falling edge to 


source fj 


Reload register — Counter 


Counter—0 


Count start flag 


interrupt request signal 


Fig. 32 Pulse width measurement mode operation 
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SERIAL I/O PORTS ing start and stop bits. 
Two independent serial |/O ports are provided. Figure 33 Figures 35 and 36 show the connections of receiver/trans- 
shows a block diagram of the serial I/O ports. mitter according to the mode. 


Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive Figure 3/7 shows the bit configuration of the UARTi transmit/ 
mode register shown in Figure 34 are used to determine _—‘ receive control register. 

whether to use port P8 as parallel port, clock synchronous | Each communication method is described below. 

serial I/O port, or asynchronous (UART) serial I/O port us- 


Data bus(odd) 


Data bus( even) 


10] 0/0]/0] 010] 0 [DsiD7|Dg|D5|D4]D3|D2]D,{Do] Receive buffer register 


UARTO0( 3716, 36:6) 
UART1(3F,6, 3E;6) 


Receive register 


UART receive 


1/16 Divide-—--O Receive | Receive clock 
O 


Bit rate Clock synchronous -° | 
generator 


Clock source selection 
f, —o  UARTO(3146) 
2 


circuit 


UART transmission oa 
O : Transmission clock 
ontrol circui 
UART1(39,,) Clock synchronous 
Internal Clock synchronous 


¥ 
fga -o (Internal clock) 
1/(n-+1) ivi 
Divider 1/2 Divider O Transmission register 


f512—o 


© 
External Clock synchronous Clock synchronous | 
(internal clock) (External clock) 


+ st 
© nl oe DelDr]De]D-]«[3]D-]Ds[0) «ter register 
ew UARTO( 3346, 3216) 
CTSiI/RTSi UART1(3By¢, 3A;6) 
& Data bus 
| (odd) 


Data bus(even) 


f16 on ®) 





Fig. 33 Serial I/O port block diagram 


Addresses 


TB 8 Se 20 UART 0 Transmit/Receive mode register as 


re 1 Transmit/Receive mode register 3846 
Serial communication method selection bit 

0 : Parallel port 

0 : Clock synchronous 

] : 7-bit UART 

] > 8-bit UART 

110 : 9-bit UART 


internal clock/External clock selection bit 
Q : Internal clock 
1 : External clock 


Stop bit length selection bit 
0 : 1 stop bit 


1 : 2 stop bits 
Even/Odd parity selection bit 
0 : Odd parity 
1 : Even parity 
Parity enable selection bit 
0 : No parity 
1: With parity 
Sleep selection bit 
0 : No sleep 
1 : Sleep 


Fig. 34 UART i Transmit/Receive mode register bit configuration 
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OE | 


is Pi mi Fi Bi Receive 


register 


it 





9 stop bit Parity ee . 
9b 
O 


Stop fd Stop ee O 
bit bit bit 


1 stop bit 7 bit 


Synchronous 


Synchronous 





Fig. 35 Receiver block diagram 


7 eres err butter register 


2 stop bit i 
7 bit CO 
Stop Oy, arit ° 
oe ” 
ae a ei a 


QNo 0 


parity 
Transmission register 
1 stop bit Synchronous 
66 0 ” 





Fig. 36 Transmitter block diagram 


Addresses 


Tes ae ee eee 
PX ery P/¢| C81 cso] ae 0 Transmit/Receive control registerO 3416 


UART 1 Transmit/Receive control registerO = 3Ci6 
Clock source selection bit 
00 : Select fo 


01 : Select fi, 
10 : Select fe, 
1 1 ° Select fs12 


CTS, RTS Selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


Addresses 
f UART 0 Transmit/Receive control register 1 3516 | 


UART 1 Transmit/Receive control register1  3Di¢ 
Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
— Receive completion flag 


Overrun error flag 
Framing error flag 
Parity error flag 
Error sum flag 





Fig. 37 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 38 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit 0 of the UARTj transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UART] transmit/receive mode register of the 
clock sending side is cleared to “O” to select the internal 
clock. Bit 3 of the UARTK transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “Q”. 

The clock source is selected by bit 0 (CS,.) and bit 1 
(CS,) of the clock sending side UART] transmit/receive 
control register 0. As shown in Figure 33, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/{ (n +1) x2} 


On the clock receiving side, the CS, and CS, bits of the 
UARTKk transmit/receive control register 0 are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UART]j transmit/receive 
control register 0 is clear to “0” to select CTSj input. The 
bit 2 of the clock receiving side is set to “1” to select RTSk 
output. CTS, and RTS signals are described later. 


Transmission 

Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of 
one is “OQ”, and CTSj input is “L”. As shown in Figure 39, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTS} input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 


mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 39 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj Signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tj flag changes from “OQ” to “1”, the interrupt re- 
quest bit in the UART] transmission interrupt control regis- 
ter is set to “1”. 


Receive 

Receive starts when the bit 2 (RE, flag) of UART, trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is “L”. 

The data from the RxDk pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RIk 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rlk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTS} output goes “L” to indicate that the next 
data can be received. When the RIk flag changes from “0” 
to “1”, the interrupt request bit in the UART, receive inter- 
rupt control register is set to “1”. Bit 4 (OERk flag) of 
UART  transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while RI, flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the RE flag is 
cleared. Bit 5 (FERk flag), bit 6 (PERK flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 33, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UART}. 
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UART; transmission register — 
UART} transmission 
buffer register 


UART; receive buffer register 


| UART] receive register 


UART; Transmit/Receive mode register 
o[x|x[xfofojo]r 


UART| Transmit/Receive control 


UART, Transmit/Receive mode register 
po} x|x] xii foto] i | 


UART, Transmit/Receive control 


register 0 register 0 


xDD en] 0 [esi fess POD Ded 1 | <P 


UART| Transmit/Receive control 


UART, Transmit/Receive control 
register | 


register | 


Bester fore] [ne |v |e) sum ren] renfoen] si | ne | m | re] 





Fig. 38 Clock synchronous serial communication 













Transmission —>|—fe-1/f)X (n+) X2 


clock 


TE; 










TH 4 f 
Write in transmission buffer register Transmission register-—-Transmission buffer register 
CTS; 


te VX (nH) X2 Stopped because TEj= “0” 


CLK; 





1 ©: BYBXONE NEED _XEIXEKENENENEKENKO: KOIKE ONE NENEKENO: _ 
DE ee a ee ee ee eee 


Fig. 39 Clock synchronous serial I/O timing 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTIi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKi pin can be used as a 
normal |/O pin. 


— >| (1/f, or 1/fext) X (n +1) X16 


Transmission clock. 
TE; 
Th ay 


Write in transmission buffer regisger 
CTSj 


Teno 


Start bit 


TxXEPTY;} 


Parity bit Stop bit 


i STABo{DXD2XDKD.KOsKOSKOIKP Ygp\STADIXONDZKDSXO-XDSKONKOKPY sp 
a ee ee 





The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(fi or fext)/ | (n+1 )X16 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register «-Transmission 


buffer register 


” 


Stopped because TEj= “0 


ST (DoXD;) 


Fig. 40 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


te (1/f, or 1/fexr) X(n +1) X16 


Transmission clock 


TE; 


Tij 


Write in transmission buffer register 


Tenbi 


Start bit 


Stop Bit Stop Bit 


Transmission registers-Transmission 
buffer register 


Stopped because 
TE|= ity 0 ” 


TxD) STADKDXD2XONKDXOKDNOIKD SP SP\STADXD XD2XDKONOSKDEKODKDeY'SP SP \STADoXD, NO: 
TXEPTY; ee 


Fig. 41 





Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 
Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control ntrol regisger 0 bit 2 is used 
to determine whether to use CTSj input or RTSj output. 
CTS§j input is used if bit 2 is “O” and RTS} output is used if 
bit2is “1”. 

If CTSj input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 





Transmission 

Transmission is started when the bit 0 (TEi flag) of UARTj 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “0”, and CTS; input is “L” if CTS; input is selected. As 
shown in Figure 40 and 41, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UART] transmit/receive mode register. The data is output 
from the least significant bit. 

The Tlj flag indicates whether the transmission buffer is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 





fj Or fext 


REj 


RxDj 


Receive 
Clock 


Starting at the falling 
edge of start bit 


Rij 





When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. | 
Once transmission has started, the TEj flag, Tlj flag, and 
CTS; signal (if CTS; input is selected) are ignored until 
data transmission is completed. | 
Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTS; is checked while the Tenpj signal shown in 
Figure 40 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpj signal goes “H”. 

The bit 3 (TxEPTYj; flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpi 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UART] transmissoin interrupt control regis- 
ter is set to “1”. 











Receive 

Receive is enabled when the bit 2 (REj flag) of UART; 
transmit/receive control register 1 is set. As shown in Fi- 
gure 42, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 


Stop bit 


Fig. 42 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTS; output is selected by setting the bit 2 of UARTj 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “O”. When the REj flag changes to 
“1” the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 35. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTS; output is selected, RTSj 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the Rlj flag changes from “0” to 
a a 

The bit 4 (OER; flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”, In other words when an overrun error occurs. If the 
OERj flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive butter register has been read. 

Bit 5 (FER; flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PERj flag) is set when a parity error occurs. 

Bit 7 (SUM; flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the Rlj flag, OER; flag, FER; flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OER}j, FERj, PERj, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the RE&j flag is cleared. 


Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj{ trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rij, OER), FER], PER), and the SUNMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UART| receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 





The A-D converter is an 8-bit successive approximation 76.5: 4 32 120 Address 
converter. A-D control register 1 1Ei¢ 
Figure 43 shows a block diagram of the A-D converter and Analog input selection bit 

- Figure 44 shows the bit configuration of the A-D control 000 : Select ANo 
register. The frequency of the A-D converter operating 01 - Select AN, 
clock ¢ap is selected by the bit 7 of the A-D control regis- pee a 
ter. When bit 7 is “O”, dap is the clock frequency divided by | : Select AN, 
8. That is, ¢ap=f(Xin)/8. When bit 7 is “1”, Pap is the clock | Rae ae 
frequency divided by 4 and $ap is=f(Xiw)/4. The ¢ap dur- 1: cette AN, 
ing A-D conversion must be 250kHz minimum because the A-D operation mode selection bit 
comparator consists of a capacity coupling amplifier. | | | ; ; uaa 
The operating mode is selected by the bits 3 and 4 of A-D ) 1 0 : Single sweep mode 
control register. The available operating modes are one- 1 1 : Repeat sweep mode 
shot, repeat, single sweep, and repeat sweep. Trigger selection bit 


The bit of data direction register bit corresponding to the os Sollware tigger 
1 : ADrrg input trigger 


A-D converter pin must be “0” (input mode) because the A-D conversion start flag 
analog input port is shared with port P7. 0 : Stop A-D conversion 


The operation of each mode is described below. 1: Start A-D conversion 
Frequency selection flag 


0 : Select f(Xi,)/8 
1 : Select f(Xiy)/ 4 





Fig. 44 A-D control register bit configuration 


A-D conversion speed selection 


| — 
ene iz} * 


can Fo 
be ese 
Successive approximation register | eee ER 
Addresses A-D control register ZS 


A-D register 1 (22,.) 
A-D register 2 (24,.) 





A-D register 3 (2616) 
A-D register 4 (28,.) 


A-D register 5 (2Ai6) 
A-D register 6 (2C,.) Comparator 
A-D register 7 (2Ej,) 


Data bus (even) 


Selector 





Fig. 43 A-D converter block diagram 
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(1) One-shot mode (00) 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
i ae 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢,p cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADrprg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANy to AN, because the 
ADrre pin is shared with the analog voltage input pin AN. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode (01) 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode (10) 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and 0 of the A-D sweep pin selection register (1Fi., 
address) shown in Figure 45. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANog pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 


terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the AD rpg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADyrg pin is shared with AN, pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode (11) 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the AN, pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 





A-D sweep pin Address 
selection register 1Fi¢ 


> ANo, AN, (2 pins) 

> ANo~ANs (4 pins) 
> ANo~ANs (6 pins) 
: ANo~AN; (8 pins) 





Fig. 45 A-D sweep pin selection register configuration 
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WATCHDOG TIMER 


The watchdog timer is used to detect unexpected execu-_ 


tion sequence caused by software run-away. 

Figure 46 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fs2) or by 512 (f512). Whether to count fa2 or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 47. fs5;2 is selected when the flag is “O” and 
fg2 is selected when it is “1”. The flag is cleared after reset. 
FFFi¢ is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fz. or fs12, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF,, is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
‘The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 











Watchdog timer 
frequency selection (connection forced to fz. during 
STP instruction execution) 


detection 
circuit 


STP instruction 


Address 
Watchdog timer 6116 
frequency selection 


0 : Select fs. 


1 ¢ Select fs. 


Fig. 47 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 

after holding it at “L” level when the power voltage is at 5V M37702M2AXXXFP 

+10%. Program execution starts at the address formed by 

setting the address pins Ao3~ Aig to 0046, Ais ~~ Ag to the 

contents of address FFFFig, and A7~ Ag to the contents of 

address FFFEjg. 

Figure 48 shows the status of the internal registers when a 

reset occurs. 

Figure 49 shows an example of a reset circuit. The reset in- 

put voltage must be held 0.9V or lower when the power vol- 

tage reaches 4.5V. Fig. 49 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 





Address Address 
Port PO data direction register (0416)°"° | 0046 Processor mode register (5Ei6) °°: 
Port P1 data direction register (O5i6)°"° | 0046 Watchdog timer (60,6)°"" FFFi¢ 
Port P2 data direction register (0816)°*° 0016 Watchdog timer frequency selection flag (61ig)°" XIXIXDXDXDXX] 9] 
Port P3 data direction register (0916)°"° 0/0;0}0 A-D conversion interrupt control register (7016)°*° KD o] 0] o} 0} 
Port P4 data direction register = (0C4)--- | 0016 UART 0 transmission interrupt control register (711g) XXX] 0} 0 | 0 | 0] 
Port P5 data direction register = (QDj¢)--- 0046 | UART 0 receive interrupt contro! register (7216)°°° XXX 0/0 0] 0 


Port P6 data direction register (1016)°°° | 0046 UART 1 transmission interrupt control register (7316)°°° XXX | ofo jo 


| UART 1 receive interrupt control register (7446) °°" xIXX)X] 0 | 0 | 0 | 0 
i 00:6 | Timer AO interrupt control register (7546) °°" XK 0;0;0 


A-D control register (1Ei6)°*- | 0| 0 o|o 0|?|? 
A-D sweep pin selection register (1Fi5)°:: KDPODM 1 | 


UART 0 Transmit/Receive mode register (3016)°*° = 0046 Timer A3 interrupt control register (7816)°°° 



























































Port P7 data direction register (1146) | 0046 





Port P8 data direction register (144.)° 




















: Timer At interrupt control register = (764g) -** XXX 
{ 


Timer A2 interrupt control register (7hie) 





























UART 1 Transmit/Receive mode register (3846)°°° 0046 Timer A4 interrupt control register (7916) °° 











UART 0 Transmit/Receive control register0 (3446)°° 1/0/1010 Timer BO interrupt control register (7Aie)°*° 


UART 1 Transmit/Receive control register0  (3C46):°° SOX 1/0 lo 0 Timer Bi interrupt control register (7Big): 
UART 0 Transmit/Receive control register1 (351¢)--: | 0 ‘| 0 o 0;0) 1 | 0 Timer B2 interrupt control register (7Ci6) °° KIX of oo. 
UART 1 Transmit/Receive control register1 (3D4.):-- | 0 'o/o}o|o| 0 1/0) INT 9 interrupt control register (7Dig)**" 
Count start flag (4016) "°° 0046 INT ; interrupt control register (7Eye) °° 
One-shot start flag (4216) XXX 0 }0 [0 0/0 INT » interrupt control register 

Up-down flag (4446)°°° 0016 _ | Processor status register PS 

Timer AO mode register (5616)°°° Program bank register PG 

Timer A1 mode register (5746)°°° 0046 | | Program counter PCy Content of FFFF 4.6 
Timer A2 mode register (5816)°°° 0016 Program counter PC, Content of FFFE,. 
Timer A3 mode register (5946)°"° | 0046 Direct page register DPR 0000:. 

Timer A4 mode register (5Ai6) "°° Data bank register DT 0046 | 
Timer BO mode register (5Big)'*: | 0/0} 1 y 0 | 0/0 | 0 | 
Timer B1 mode register (5Ci6)*** 0/0 | 1X 0/0/0/0 


Timer B2 mode register (5Di6)°°° 'ofo]1)X/o}o[ 0} 0] Contents of other registers and RAM are not initialized and should be in- 


itialized by software. 































































































Fig. 48 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for. input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 50 shows a block diagram of ports P8 to PO in sing- 
le-chip mode and the E pin output. 

In memory expansion mode, microprocessor mode, and 
evaluation chip mode, ports P4 to PO are also used as 
address, data, and control signal pins. 

Refer to the section on processor modes for more details. 
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° Port POg~P07, Pip~P17, P29~P27, P89 ~P33, P42~P4, (Inside dotted-line not included) 
Port P45, P4,, P47, P57, P6;~P67, P82, P8, (Inside dotted-line included, but P82, P8, are without hysterisis) 





Data direction 
register 






4 


Data bus 


* Port P79>~P7. (Inside dotted-line not included) 
* Port P7, (Inside dotted-line included) 






Data direction 
register 








q 


Data bus 





¢ Port P83, P87 (Inside dotted-line not included) L.———_—— — 
Port P5g~P5¢6, P6 (Inside dotted-line included) 
Data direction 
register a7 







| 
<a 
Port latch — _ 


Data bus 


* Port P89, P8;, P84, P8s; 


‘ . . an ate @) 
Data direction Y 
register 


Data bus 





Fig. 50 Block diagram for ports P8 to PO in single-chip mode and the E pin output 
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PROCESSOR MODE 

The bits 0 and 1 of processor mode register as shown in Fi- 
gure 51 are used to select any mode of single-chip mode, 
memory expansion mode, microprocessor mode, and eva- 
luation chip mode. 

Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal I/O pins except in single-chip 
mode. 

Figure 52 shows the functions of ports P4 to PO in each 
mode. 

The external memory area changes when the mode 
changes. 

Figure 53 shows the memory map for each mode. 

Refer to Figure 1 for the memory map of the single-chip 
mode. The external memory area can be accessed except 
in single-chip mode. The accessing of the external memory 
is affected by the BYTE pin and the bit 2 (wait bit) of pro- 
cessor mode register . These will be described next. 


To POs Be Ee 8s 2 ds 


Wait bit 
0 : Wait 
1 =: No Wait 








Test mode bit 


Processor mode bit 


Software reset bit 


eBYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and port P2 becomes the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and ports P1 and P2 become the data I/O pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 

An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2°Vcc. In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 


Address 


Processor mode register SE16 


0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 


1 1 : Evaluation chip mode 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit 
00 : Select 1/f(Xin) X14 
01 : Select 1/f(Xiny) X 8 


10 : Select 1/f( Xin) Xx 4 


This bit must be “0” 


Clock ¢, output selection bit 


0 : No ¢, output 
1° $, output 





Fig. 51 Processor mode register bit configulation 
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Microprocessor 
Mode 





Evaluation Chip Mode 


Port PO Same as left Same as left 


Same as left 


E | | 
Ais~A 
P1, 15 8 
d Data( odd) 
P19 


Port P4, P5 and their direction 
registers are treated as 16-bit wide 
bus. If BYTE=2+V¢e¢, the internal 
ROM area is also treated as 16-bit 
wide bus. 


Same as left 


2 Data(odd 
Pig 


E | | 
P1, 
2 Address Ai5s~Ag 
Plo 
Same as left 












BYTE= 


P17 
) 1/O Port 
Pi, 










or 2° Vec 
(Evaluation 

chip mode 
only.) 








SS 
P2, 

| 
P2o 


BYTE= “L” Same as left 


a ee ae 
P2, Aoa™Ar6 

| Kaaaress Date ) 
P25 


(even, odd) 
Same as for Port P1 


cae 

Ao3s~A 
P2, seo San Same as left 
ob, NAdaress X coven) ) 


rs pee renee (ne 
3 4 116 


2 \sirne Xone YX 
| 
P25 


(even, odd) 

spite of proce- 
ssor mode re- 
gister bit 7 











Port P2 


BYTE= “H” 











or 2°Vec 

(Evaluation 
chip mode 
only.) 










E | | 
P33 

3 
P35 


Port P3 Same as left 






i a 
P4, 

: 

P4, 







* When processor mode 
register bit 7 = “0” 


* When processor mode 
register bit 7 = “0” 
















P4, | $, | | | | | 


Same as above except P4, 


* When processor mode register | * When processor mode register 
bit 7 = “1” bit 7 = “1” 


Fig. 52 Processor mode and ports P4 to PO functions 









Same as above except P4, 
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e Wait bit 

As shown in Figure 54, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal becomes twice 
compared with no wait (the wait bit is “1”). The wait bit is 
cleared to “0” at reset. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Memory expansion Microprocessor _— Evaluation chip 


mode mode mode 


FFFFFF,. 


The shaded area is the external memory area. 





Fig. 53 External memory area for each processor 
mode 


Internal clock¢ 


Port P2 (___ XoataX data} 
Address Address 


Wait bit ee ea 
“4 ” é : 


Address 


Port P2 ——_X__X_Data_X__X Data 
Wait bit | — 


aaa | SERS ae RE 
ign (YE 


Address 


ween! [fl Auvectwemere! [6] Ueemeoe 


Fig. 54 Relationship between wait bit and access time © 





(1) Single-chip mode (00) 

single-chip mode is entered by connecting the CNVsg pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal I/O ports. Port P4, can be the ¢, output pin divided 
the clock to X,y pin by 2 by setting bit 7 of processor mode 
register to “1” 

(2) Memory expansion mode (01) 

Memory expansion mode is entered by setting the proces- 
sor mode bits to “01” after connecting the CNVsgz pin to Vss 
and starting from reset. 

Port PO becomes an address output pin and loses its 1/O 
port function. 

Port P1 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is “L”, port P1 functions as an 
address output pin while E is “H” and as an odd address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. In this case 
the 1/O port function is lost. 

When the BYTE pin level “H”, port P1 functions as an 
address output pin and loses its I/O port function. 

Port P2 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is “L”, port P2 functions as an 
address output pin while E is “H” and as an even address 
data I/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. 

When the BYTE pin level is “H”, port P2 functions as an 
address output pin while E is “H” and as an even and odd 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. In 
this case the I/O port function is lost. 

Ports P39, P3,, P32, and P33 become R/W, BHE, ALE, and 
HLDA output pin respectively and lose their I/O port func- 
tions. | 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Ag is “L” and BHE is 
ap 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 


data. The latch is transparent while ALE is “H” to let the 


address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

Ports P4) and P4, become HOLD and RDY input pin re- 
spectively and lose their output pin function, but the input 
pin function remains. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ports PO, P1, P2, P3bo, 
and P3, are floating while the microcomputer stays in hold 
state. These ports are floating after one cycle of the inter- 
nal clock ¢ later than HLDA signal changes to “L” level. At 
the removing of hold state, these ports are removed from 
floating state after one cycle of ¢later than HLDA signal 
changes to “H” level. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢stops at “L”. When ¢, output from port P4, is 
selected by setting bit 7 of processor mode register to “1”, 
¢, output keeps on. RDY is used when slow external mem- 
ory, is attached. 

(3) Microprocessor mode [10] 

Microprocessor mode is entered by connecting the CNVszs 
pin to Vcc and starting from reset. It can also be entered by 
programming the processor mode bits to “10” after con- 
necting the CNVss pin to Vsg and starting from reset. This 
mode is similar to memory expansion mode except that in- 
ternal ROM is disabled and an external memory is re- 
quired, and ¢, from port P4, is always output in spite of bit 
¢ of processor mode register. 

(4) Evaluation chip mode (11) 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

The functions of ports PO and P3 are the same as in mem- 
ory expansion mode. 

Port P1 functions as an address output pin while E is “H” 
and as data I/O pin of odd addresses while E is “L” re- 
gardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 

Port P2 function as an address output pin while — is “H” 
and as data I/O pin of even addresses while E is “L” when 
the BYTE pin level is “L”. However, if an internal memory is 
read, external data is ignored while E is “L”. 

When the BYTE pin level is “H” or 2*Voc, port P2 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
ee 

Port P4 and its data direction register which are located at 




















address 0A;, and 0C;, are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

When a voltage twice the Vcc voltage is applied to the 
BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 

The functions of ports P4, and P4, are the same as in 
memory expansion mode. 

Ports P4, to P4g become ¢,, MX, QCL, VDA, and VPA out- 
put pins respectively. Port P4, becomes the DBC input pin. 
¢, from port P4, divided the clock to Xj pin by 2 is always 
output in spite of bit 7 of processor mode register. 

The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 
instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVsgg pin in- 
put levels and processor modes. 


Table 5. Relationship between the CNVsg pin input 
levels and processor modes 


Mode Description 


* Single-chip Single-chip mode upon start- 
* Memory expansion | ing after reset. Other modes 
* Microprocessor can be selected by changing 
the processor mode bit by 
software. 







* Evaluation chip 














* Microprocessor Microprocessor mode upon 
starting after reset. Evaluation 


chip mode can be selected 





* Evaluation chip 













by changing the processor 
mode bit by software. 


* Evaluation chip * Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 

Figure 55 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFi. is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

The stop or wait State is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 56 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturers recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 57 shows an example of 
using an external clock signal. 


Interrupt request 
STP instruction WIT instruction 


-* Internal clock ¢ 
fe fie f30 fea 
> 7 


Xin Xout 


Fig. 55 Block diagram of a clock generator 











M37702M2AXXXFP 


Fig. 56 Circuit using a ceramic resonator 


M37702M2AXXXFP 


Fig. 57 External clock input circuit 


Reset 
oT lS STP instruction 


Watchdog 
timer 
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ADDRESSING MODES 

The M37702M2AXXXFP has 28 powerful addressing 
modes. 

Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702M2AXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M2AXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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M37702M2AXXXFP : 
ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=OV, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 


Parameter Test conditions 








High-level output voltage POg~P07, P1p~P17, P29~P27, 
P39, P31, P33, P49~ P47, 
P59~P57, P6g9~P67, P7o~P77, 
P8 ~ P87 

High-level output voltage PO9~P07, Plo~P17, P29~P27, 
P39, P31, P33 


4.7 | 
High-level output voltage P32 ; = 400uA 
on= — 400 . 


. ae lonp=—10mA 
High-level output voltage E 
lon=— 400A 


Low-level output voltage PO 9~P07, Plo~P17, P29~P27, 
P35, P33}, P33, P49~P4,, 
: P5o~ P57, P69~ P67, P7o~P77, 
P89~ P87 
ven | Low-level output voltage P0g~PO07, P19~P17, P2o~P2z, 


H 
H 
L 
L 
P39, P31, P33 
L 
L . 


lox=— 10mA 











Von lonp=— 400 uA 























loc =10mA 














loL=2mA 











Vo 
Vo 
Vo 
Vo 
Vo lop =10mA 
lop =2mA 
Vo Low-level output voltage E 
: lo.=2mA 
Hysteresis HOLD, RDY, TAQw~TA4w, TBOy~TB2n, 
INTo~INT2, ADtRe, CTS, CTS;, CL Ko, CLK; 
Hysteresis RESET 
Hysteresis Xin 
High-level input current POg~P07, P19p~P17, P29~P27, 
P39~P33, P49 ~P47, P5gp~P57, 
P69~P67, P79>~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current PQg~P07, Pip~P17, P29~P27, 
P39~P33, P4g~P47, P5p~P5r, 
P6y~P67, P7>~P77, P8y~P8;, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 
f( Xin) =16MHz, 
In single-chip mode | square waveform 
output only pin is Ta=25C when clock 


open and other pins | is stopped. | 


are Vss during reset. | T,=85°C when clock 


is stopped. 








Low-level output voltage P32 





















































Power supply current 

















A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) 


Typ. Max. 
Vrer= Voc 8 
Vrer=Voc +3 


Test conditions 








Vrer= Voc 


























Analog input voltage 





MITSUBISHI MICROCOMPUTERS 


M37702M2AXXXFP,M37702M2BXXXFP 
M37702S1AFP,M37702S1BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 





Symbol Parameter Conditions | «Ratings Unit 
Supply voltage 7 —0.3~7 
Analog supply voltage —0.3~ 7 


Input voltage RESET, CNVss, BYTE —0.3~12 : 











Input voltage PO9~P07, P1p~P17, P29~P27, P3p~ P33, 
Vv, P49~P4,, P5o9~ P57, P69~ P67, P7o~P77, —0. 3~Voc +0. 3 
P8o~P87, Vrer, Xin _ 


Output voltage PO g~ P07, Plp~P17, P29 ~P27, P39 ~P3s, 
Vo P4o~P47, P5p~P57, Pég~P67, P79>~P77, —0.3~Vect0. 3 
P8 9~ P8,, Xout, E 


| Pq Power ab leak Tag=25C 


-s— 
Storage temperature ~~ 40~150 
RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°C, unless otherwise noted) 


Limits 
Parameter Cae 


Supply voltage 








Hl 











Unit 












Vo 


> 
0 


on 
co) 
1 
re) on 















High-level input voltage POp~P07, P39~P33, P4p~P4z, 
High-level input voltage Pigp~P17, P29~P27 
V 0. 8V. 
de (in single-chip mode) oe 
P8)>~P87, Xin, RESET, CNVss, 


Analog supply voltage 
P59~ P57, P69~P6,, P7o~P77, 
High-level input voltage P19p~P17, P29~P27 
Vin (in memory expansion mode and |0.5Voco 
microprocessor mode) 
BYTE 


0. 8V 
P8)~P8, Xin, RESET, CNVss, 
BYTE 
Low-level input voltage PQ9~P07, P39~P33, P4g~P4z, 
P5 o™~ P57, P6 ~~ P67, P79~P77, 
Low-level input voltage P19>~P17, P29~P27 
(in single-chip mode) 


0.2Vcc 


< 

Qo 

fe) 
na 





Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 


0.16Vec 














High-level peak output current PQg~P07, Ptp~P17, P29~ P27, 

P30~ P33, P4o~ P47, P5o~ P57, 
P69~ P67, P7o~ P77, P85~ P87 
High-level average output current POg~P07, Pigp~P17, P29~P2z, 

P3 o~ P33, P4p~P4z, P5o~P5y, 
P69~ P67, P7o~P77, P8)~P87 
Low-level peak output current POg~P07, Pto~Pt7, P29~P27, 
P39~ P33, P4o~ P4,, P5o~P57, 
P69~ P67, P79~ P77, P89~P87 
Low-level average output current POg~P07, Plg~P17, P29~P27, 
P39~P33, P49~P4,, P59~ P57, 
P69~P67, P79>~P77, P89~P87 


M37702M2AXXXFP, M37702S1AFP | | 
(Xin) External clock frequency input 
M37702M2BXXXFP,M37702S1BFP | 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo. (peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


3 
> 









mA 


lon(avg) 
lo-(peak) 


lot(avg) 









=| 
> 









A 






| 
piel i : : 
Ala} oa r=) o ro 
< 
z 3 
N 
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TIMING REQUIREMENTS (Vec=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
External clock input 


Parameter 





External clock input cycle time 


tc 


External clock input high-level pulse width 
External clock input low-level pulse width 
External clock rise time 








-- 
= 


External clock fall time 


Single-chip mode 


, Parameter | 


Port PO input setup time 






Limits 


Symbol 16MHz 25MHz Unit 








tsu(Pop—e) 


tsu(p1D—E) Port P1 input setup time 
tsu(p2D—e) Port P2 input setup time 


tsu(p3p—E) Port P3 input setup time 
tsu(p4p—e) Port P4 input setup time 


tsu(psD—E) Port P5 input setup time 


il; 
) 
* 











tsu(pep—e) Port P6 input setup time 


tsu(p7D—e) Port P7 input setup time 
thi e—pop) Port PO input hold time 
Port P1 input hold time 


100 


e)) 
© 









ee ee ee) 
O;O1O0!10;0O;0O 
oO;oO;o;o;o;o 


oO 








Oo 





th(e—P1pb) 


















th(e—p2p) _| Port P2 input hold time at ee 

thi e—psp) Port P3 input hold time a ee 
th(e—p4p) Port P4 input hold time ar ae ee ee 
thce—psp) _| Port P5 input hold time a ae oe ee ee 
thc e—peb) Port P6 input hold time fF oof | of [ons | 
th( eE—p7pb) Port P7 input hold time a ee ee ee 
thc e—psp) Port P8 input hold time | of | of | ns | 








Memory expansion mode and microprocessor mode 


Symbol Parameter 


Port P1 input setup time 
Port P2 input setup time 
RDY input setup time 





Port P1 input hold time 
RDY input hold time 
HOLD input hold time 
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M37702M2BXXXFP 


ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 


Parameter 





High-level output voltage POgp~PO07, P19~P17, P29~P2z7, 
P3o, P3;, P33, P49~ P47, 
P59~ P57, P6o~ P67, P7o~ P77, 
P85~ P87 

High-level output voltage PO9~P07, Plgp~P17, P29~P2z7, 
P3o, P31, P33 








High-level output voltage P32 


lon= — 10mA 


Limits 





Test conditions 





lon=—10mA 





lon= —400uA 














lon= — 400A 














High-level output voltage E 


lon=—10MA 











lon= — 400 A 





Low-level output voltage POp~PO07, Plo~P17, P29~P2;, 
P3o, P31, P33, P4g~P4z, 
P5o~~ P57, P69~ P67, P7o~ P77, 
P89~ P87 


Voi 








lop =10mA 








Low-level output voltage PO9~PO07, Plp~P17, P29~P27, 
P39, P31, P33 





Low-level output voltage P3. 








Low-level output voltage E 


lop =2mA 








lop =10mA 


lop =2mA 




















lop =10mA 








lop =2mA 





Vor 
Voi 
Hysteresis HOLD, RDY, TAO w~ TA4in, TBO w~TB2n, 


Vr4+—Vy- peat 
INTo~INT2, ADtac, CTSo, CTS:, CLKo, CLK 














Hysteresis RESET 




















Hysteresis Xi 

High-level input current POg~ P07, Plop~P17, P29~P2z, 
P39~ P33, P49~ P47, P5o~ P57, 
P69~ P67, P7>~P77, P89~P87, 
Xin, RESET, CNVgg, BYTE 





lie 


ee eae 

















Low-level input current POg~PO07, Plo~P17, P29~P2z, 
P3y~P35, P4y~P47, P5p~P5y, 
P6y~P67, P7>~P77, P8y~P8,, 
Xin, RESET, CNV¢gs, BYTE 





Vi=0V 











RAM hold voltage 


When clock is stopped. 





Power supply current 


Parameter 








—----+-- 


Vrer= Voc 





Ladder resistance 


RLADDER 
tconv 


Conversion time 


f( Xi) =25MHz, 
In single-chip mode 














square waveform 
Ta=25C when clock 
is stopped. 


Ta=85C when clock 
is stopped. 


output only pin is 
open and other pins 





are Vss during reset. 














Test conditions 





Vrer=Vec 








Vrer= Voc 








Reference voltage 
Analog input voltage 


























ae 
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Timer A input (Count input in event counter mode) 


Symbol Parameter ~ 16MHz | 25MHz 


TAin input cycle time 
TAiwy input high-level pulse width | =o aa 
TAin input low-level pulse width P| 







Timer A input (Gating input in timer mode) 


TAin input cycle time 
TAin input high-level pulse width 2 
TAiwn input low-level pulse width 









Timer A input (External trigger input in one-shot pulse mode) 















Limits 
16MHz 25MHz Unit 


Cea Te 
TAi input cycle time | 20 | | eo | 
a 


Parameter — 








TAiy input low-level pulse width | ons | 


NO 
on 


TAin input high-level pulse width ; | 
ae | ‘| 4 





Timer A input (External trigger input in pulse width modulation mode) 


Limits 
Symbol Parameter 


TAiww input high-level pulse width 
TAiin input low-level pulse width 








Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter 


TAiout input cycle time 


TAiout input high-level pulse width 1250 


twiupeL) TAiourt input low-level pulse width 
tsu(uP-ty) TAiout input setup time 


th(ty-uP) TAiout input hold time 
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Timer B input (Count input in event counter mode) 


Symbol 


TBiy input cycle time (one edge count) 
TBiy input high-level pulse width (one edge count) 


Parameter 

















TBiy input low-level pulse width (one edge count) 





tc(tB) 


TBiy input cycle time (both edges count) 





tw(TBH) 


TBiy input high-level pulse width (both edges count) 





tw(TBL) 





TBi input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 





to(TB) 


Parameter 















tw(TBH) 











TBiy input cycle time 
TBiy input high-level pulse width 


TBiy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol 


Parameter 








tw(TBH) 


tw(TBL) 


TBiy input cycle time 
TBin input high-level pulse width 





TBijy input low-level pulse width 


A-D trigger input 


Symbol 





tc(ad) 


tw(adL) 


Parameter 





ADzrg input cycle time (minimum allowable trigger) 











ADtrg input low-level pulse width 






















Serial I/O 


— 


CLKj input cycle time 

CLK; input high-level pulse width | 
i268 | | Yoo 
tiene) [10 atputdouytine 
z 2 
Cageew oo onemietinss © ea 





























External interrupt INTj input 


Parameter 





INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Voc=5V+10%, Vsg=0V, Ta=25C, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 


Port PO data output delay time 
Port P1 data output delay time — 


td(e—p2aq) Port P2 data output delay time 





td(e—P3a) Port P3 data output delay time 


Port P4 data output delay time _ 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 











Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol Parameter 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 

E 







Test conditions 











) 














td(p2a—ace) | Port P2 address output delay time 
. HLDA output delay time 
ALE output delay time 
) 











E 
ALE pulse width 
Port P1 data hold time (BYTE=“L”) 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Port PO address output delay time 
Port P1 data output delay time (BYTE="L”) 
Port P1 floating start delay time (BYTE=“L”) 













Limits 


16MHz 25MHz Unit 


30 





Test conditions 













> 
o 


70 


Port P2 address output delay time 
Port P2 address output delay time 


td(BHE—E) BHE output delay time 


ns 


> 
oa 











16) 
jo) 
o 
io) 


| © on 
_ PO | MO] NO ~~ a—_ —_ 
Om, O};O;O0;/N O11; RN O11] RO NO 






















































































— N NEN y Rd Nh Wi Wi Ww Nh} @ NO} Ww 
ee) o1 Or; or; on Al;o;o;o;o |} oO oe) 


== Fig. 58 
td(Rr/w—e) R/W output delay time 
¢1 output delay time 20 

th(e—Poa) Port PO address hold time 

thiaLe_pia) | Port P1 address hold time (BYTE=“L”) FT 

thie—pra) _| Port Pt data hold time (BYTE="L”) ee ee oe 

tpzx(e—p1z) | Port P1 floating release delay time (BYTE=“L”) fT 

thce—pt1a) Port P1 address hold time (BYTE=“H”) 18 
Seen a 

thce_p2q) _| Port P2 data hold time | | 18 

tpzx(E—pe2z) | Port P2 floating release delay time 25 Be 

th(e—sHE) BHE hold time = aH 18 

thce_pvw) | R/W hold time a oe: 

tweens E pulse width 220 | ~~ | «130 _=—*| 














Fig. 58 Testing circuit for ports PO~P8, ¢, 





TIMING DIAGRAM 
Single-chip mode 


f(Xin) 


Port PO output 
eis PO input 
Port P1 output 
Port P1 input 
Port P2 output 
Port P2 input 
Port P3 output 
Port P3 input 
Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 
Port P7 output 
Port P7 input 
Port P8 output | 


Port P8 input 
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_M37702M2AXXXFP, M37702M2BXXXFP 
| -M37702S1AFP, M37702S1BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
a Wye | ; twiH) twiL) 
rh, rk 


\ 


| td(e—pog) 


tsu(pop—e) 


— 
. ina) thie—pop) 
TY td(e—Pi1q) : 


{ 


tsu(p1p—e) pases 
_. thie—p1p) 


td(e—p2q) 


tsu(p20—e) = 


Saw 


thie—pep) 


tdi(e—p3q) 


i 


tsu(p3p0—e)- — 


thie—psp) 


td(e—paq) 


><: 


tsu(pao—e) _-— 


thie—pap) 


td(e—psa) 


i 


Slew 


tsu(Pso—e) r— 


thie—psp) 


td(e—p6a) 


Sige 


tsu(p6o—e) panel 


thie—P6o) 


tdie—p7aq) 


>< i be 


thie—p7p) 


ety tdie—psa) 


tsu(P70-E) pate 


( 


tsu(pap—e) po 
- thie—pap) 
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toita) 


TAiw input 


tecup) 


TAiour input 





TAigur input 
(Up-down input) 


In Event counter mode 


TAiyy input 
(When count by falling) thityy—uP) 


non 
TAiiy input ae 
(When count by rising) 


TBiw input 


ADrre input 














CLKj 
thic—a) 
tdic—a) 
tsu(p—c) thic—p) 
RxDj 


INT; input 





MITSUBISHI MICROCOMPUTERS 


M37702M2AXXXFP, M37702M2BXXXFP 
M37702S1AFP, M37702Si1BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


4 


RDY input 


(When wait bit = “0”) 


py 


RDY input 


tsu(roy—4,)| thi g1—Rby) 


(When wait bit = “1” or “0” in common) 


$y 







t = 
tsu(HoLD— 44) h(¢;—HOLD) 


HOLD input 





td(4,;—HLDa) td(4,—HLDA) 


HLDA output 


Test conditions 

cc = 5V+10% 
* Input timing voltage *° Vi, = 1. 0V, Viy = 4. 0V 
* Output timing voltage : Vo, = 0. 8V, Von = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit=“1”) 


gee) tdie—9,) 


wes) 


mi: oe 


Port PO output 


~~ 
a 


Address 


Hk 
Te 









(Ap~A7) 
thiace—P1A)}4 Bal texz(e—P1z) tezx(e—P1z) 
(Ag~Aji5/Dg~Dy5) MN" t ) 
(BYTE="L") td(p1A—ALE) d(—E—-P1Q 
tdip1a—E) 
SSA ae || eats 
Pa Po eS Ge CD, GD 
(Ag~Ai5) ; 
(BYTE="H") —7 thie—p1p) 
Port P1 input 


= 


td(pza—ace) || tdie—p2a) 


kK» 


i thie—p2p) 





Port P2 input 


tW(ALe) 
| tdiace—e) 
Port P32 output 
(ALE) 


th(ate—p2a) B texz(E—p 22) tezx(E—p2z) 
Mec ay m 
PP a Crass | aaa sates | p-=- =~ -K_ se 
(Aie~Az3/Do~D7) ee tsu(p20-) 






sdseneee) i thie—BHe) 
(BHE) 
'deaw—e) thie—Rw) 


Port P3, output 

(R/W) 
Test conditions 
* Voc= 5 VE10% 
* Output timing voltage * Vo. =0. 8V, Von=2. OV 
* Port P1, P2 input » Vit =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


(Xin) 


$y 
td(e—¢,) 


mi 


Port PO output 
(Ag~ Az) 


Port P1 output 
(Ag~Ai5/Dg~D;5) 
(BYTE="L”) 


td (P1A—ALE) 
Port P1 output 
(BYTE="H”) 


Port P1 input 


th(aLce—P2a) 
Port P2 output 
(Ais~Aoz3/Do~D7) 


td(p2a—aLe) 
Port P2 input 


sa 


Port P32 output 
(ALE) 


td(BHE—e) 


oF 


td(ryw—- E) 


Port P3, output 
(BHE) 


Port P39 output 


th(aLe—P1A) rs 


aah fear) 


tc 


i 


td(e—4}) 


Lc 


a 
ys 
> 
[ok 
a 
al 
@o 
” 
” 


tezx(eE—p1z) 


Address 







th(e—P1D) 


» : 


ra 


Address 







td(ace—e) 


thie— BHE) 


thce— rw) 





(R/W) 
Test conditions 
. Vec= 5 V+10% 
* Output timing voltage > Vo. =0. 8V, Von=2. OV 
. Ports P1, P2 input j Vii=0. 8V, Vin=2. 5V 
2—62 _ MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


M37702M2LXXXGP,M37702S1LGP 


M37702M2L XXXHP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37702M2LXXXGP is a single-chip 16-bit micro- 
computer designed with high-performance CMOS silicon 
gate technology. This is housed in a small 80-pin plastic 
molded QFP. This single-chip microcomputer has a large 
16M bytes address space, three instruction queue buffers, 
and two data buffers for high-speed instruction execution. 
The CPU is a 16-bit parallel processor that can also be 
switched to perform 8-bit parallel processing. This micro- 
computer is suitable for communication, office, business 
and industrial equipment controller that require high-speed 
processing of large data. 

The strong points of the M37702M2LXXXGP, M37702S1LGP 
and M37702M2LXXXHP are the low supply voltage and small 
package. 

The differences between M37702M2LXXXGP, M37702 
S1LGP and M37702M2LXXXHP are the ROM size and the 
package as shown below. Therefore, the following descrip- 
tions will be for the M37702M2LXXXGP unless otherwise 
noted. 


Package 
16K bytes| 80-pin plastic molded QFP (80P6S-A) 
80-pin plastic molded QFP (80P6S-A) 


Type name 
M37702M2LXXXGP 
M37702S1LGP 














External 


M37702M2LXXXHP_ |16K bytes} 80-pin plastic molded Fine-pitch QFP (80P6D-S) 





FEATURES 
@ Number of basic instructions ETO RR CR eee are 103 
@® Memory size ROM crrcecertccceeest esses eeeeeeees 16K bytes 
RAM ceccccctcetret ttc e teens tees teens 512 bytes 

® Instruction execution time 

The fastest instruction at 8MHz frequency -::::-::::: 500ns 
e Single low supply 70) |¢: (0): So oor 2.7~5.5V 
@ Low power dissipation 

(At 3V supply voltage, 8MHz frequency) --- 12mW (Typ.) 

(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 
@ Wide operating temperature range-:::---+:"-: —40~85C 
@ Interrupts secretes eects eect reece eeeee 19 types 7 levels 
@ Multiple function 16-bit timer -:ccccccccc 5+3 
@ UART (may also be synchronous) See ee re ar 9 
@ 8-bit A-D converter 77 rr 8-channel inputs 
@® 12-bit watchdog timer 
@® Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sr 68 
@ Small package 


M37702M2LXXXGP, M37702S1LGP 

aga dolartia a dave sha BN grind ease ee a WS esas 80-pin QFP(0.65mm lead pitch) 
M37702M2LXXXHP 

peg aeWaea eel Dectatts 80-pin Fine-pitch QFP(0.5mm lead pitch) 


PIN CONFIGURATION (TOP VIEW) 


+ P75/AN5 

+> P77/AN7/ADtrRG 
[2l]+> P82/R,Do 

+> P83/T,Do -~ 

++ P84/CTS;/RTS; 
2} P85/CLK, 


fa 
fa 


a] ++ P86/R,D, 
++ P87/T,D, 
58] +> PO9/Ag 

+> P0,/A, 

++ PO2/A2 
[55] +> P03/A3 
+ PQ,4/A, 

+> P0s/As 

++ P0¢/Ag 
51] <> PO-/A; 
+> P10/Ag/Dg 
49] <* P1,/Ag/Dg 


+> P13/A,,/D4, 
46} +> P14/Ay2/Dy2 
> P15/A,3/Dy3 


dHXXXICWCOLZEW 
dS 11SZ0ZZEw 
10 
dOXXXICWZOLZEW 


143 | <> P17/A45/Di5 
+> P2o/Ay6/Do 
41] > P2,/A,7/D, 


w 
Le | 
w 
ES 
wW 
or 
w 
~~ 
w 
oO 
Ww 
cs] 


P3;/BHE <+ 

P3o/R/W «+ 
P27/Ao3/D7 «+ 
P2.6/A22/Dg + [3] 
P22/A1g/D2 «+ S| 


P2s5/A21/Ds «+ 


P24/Az9/D4 ++ 
P23/Ai9/D3 ++ 


Outline 
M37702M2LXXXGP, M37702S1LGP 


M37702M2LXXXHP 


80P6S-A 
80P6D-A 


* © Used in the evaluation chip mode only 





APPLICATION 

Control devices for communication equipment such as 
cellular radio telephones, cordless telephones, and radio 
communications 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 





are ERS 





p9—Z 


JH1LO3T3a 
IHSIGNS_LIN r 


M37702M2LXXXGP BLOCK DIAGRAM 


Clock input Clock output Enable output Reset input (5V) 
RESET Vcc 





- On Xour E 
28) 








Ov) 


( 
Vss 

























gun 

91607 dhewuyuy 
(QL )S 49jUIOg YORIS 
(91 )HdQ J201SIBey abbey yOaNq 









(9L)A J01SIBay xepul 





(9[)W soye;nuNdoVy 
(91 )@ s0yejnuNdoY 
(91)X 40)s159y xapu| 
(11)Sd 481s1Bay snes JOSssad01g 
(91) @1 491s16 ay 4ayNg yndu 


Timer TA4(16) 


Timer TA3(16) 


RAM 
512 Bytes 


~ ROM 
16K Bytes 


Timer TA1(16) 


Timer TAO(16) 
























P8(8) P7(8) - P6(8) ) P2(8) 

L_& dadviotedutl J Aicda hh Addhkbdyh Adihche hah A chad I dodo I bohhkdsdn ink iss hhduhddd— ia 
ne SS 
Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1_ port PO 





Timer TBO(16) 





(8}10 4asiBay yueg Beg 
.9'Dd sajsiBay yueg wes6olg 
(91)Od sajuN0D wesBold 
.bZ) 49JUGW9IDGG /J9JUBWIIOU] 


(OV 


) 
ss 


CNV 








Timer TA2(16) Timer TB2(16) 
Timer TB1(16) 


UARTO(9) A-D Converter(8) 


Litt 


P4(8 















Bus width 
selection input 


BYTE 


(5v) 
Vss AVcc Vrer 
a — 6) = fee 
ne a aa ak 


Reference 
(OV) voltage input 
A 


Instruction Register (8) 
















=} 
2) 
= 
@ 
3 
c') 
S 
- 
@ 
a 
ie | 
Kho 
oS 


(pz) vO Jaisi6ay ssasppy reg [[__ > 
(bZ)Wd saysibay ssauppy wesBoldg aay 





8)2O 49yjNg ananyH uOHoN su; 

8) 'O 49yjNg aNaNH UOKoNYsUy 

(8)0O sayjNg ananH uoHdNjsul 
(8) 'aq 48yINg BVeQ 
(g)4aq 2a4Ng eed 











sng ssauppy 











P1(8) 
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FUNCTIONS OF M37702M2LXXXGP 


Number of basic instructions 


103 
Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 


ROM SS™S™~™~™~™S™CCSCSCSC*NK tes 
Memory size 
PO~P2, P4~P8 8 -bitX 8 
Input/Output ports a 








Functions 










TAO, TA1, TA2, TA3, TA4 16-bitX 5 


TBO, TB1, TB2 16-bitX 3 
Serial 1/O (UART or clock synchronous serial 1/O) X2 
A-D converter 8 -bitX 1 (8 channels) 


Watchdog timer 12-bitX 1 


3 external types, 16 internal types 
Interrupts ; ee 
(Each interrupt can be set the priority levels to 0 ~~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 2.7~5.5V 
12mW(at 3V supply voltage, external clock 8MHz frequency) 








Multi-function timers 































Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 


5V 








Input/Output voltage 








Input/Output characteristic 
Output current 















Memory expansion Maximum 16M bytes 


Operating temperature range —40~85T 


Sia M37702M2LXXXGP, M37702S1LGP 80-pin plastic molded QFP (80P6S-A : 0. 65mm lead pitch) 
ackage 
: M37702M2LXXXHP 80-pin plastic molded Fine-pitch QFP (80P6D-A : 0.5mm lead pitch) 
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PIN DESCRIPTION 


Power supply 
Vss 
CNVsgsg input 


Reset input 

Xin Clock input 
Clock output 
Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 


Bus width selection input 


Supply 2. 7~5. 5V to Voc and OV to Vss. 


a 
Q 
4 











This pin controls the processor mode. Connect to Vsgs for single-chip mode, and to Vcc for external ROM 
types. 


i 
za 
< 
” 
7.) 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


2] 
m 
” 
m 
+ 


These are !/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xin pin. 
and the Xour pin should be left open. 


BYTE In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Power supply for the A-D converter. Connect AVcc to Vcc and AVsgs to Vgg externally. 


Vrer Reference voltage input Input This is reference voltage input pin for the A-D converter. . 


Analog supply input 





> > x< 
oe 2 
2 96 - 


















in single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These’ ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


PQo~ P07 i/O port PO 1/0 


P1g~P17 I/O port P1 1/0 


P29~P27 1/O port P2 1/O 
P39~ P33 1/O port P3 I 


/O 
P49~P4, 1/0 port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4y and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xx pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dys~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Ao3~Aj6) is 
output when E output is “H”. 





In single-chip. mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

















P59~ P57 1/0 port P5 


P69~ P67 1/O port P6 1/0 
P79~P77 1/O port P7 


/0 
P89~P8, 1/O port P8& In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2 and timer A3. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT; and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. 





In addition to having the same functions as port PQ in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 








NO 
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BASIC FUNCTION BLOCKS 

The M37702M2LXXXGP has the same functions as the 
M37702M2BXXXFP except for the reset circuit. 

Refer to the section on the M37702M2BXXXFP. 


Figure 1 shows the status of the internal registers when a 
reset occurs. . 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 


voltage reaches 2.7V. 

RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 

after holding it at “L” level when the power voltage is at 2.7 

~5.5V. Program execution starts at the address formed by 

setting the address pins Az3~ Aig to 0016, Ais ~ Ag to the 

contents of address FFFF,.¢, and A7~ Ag to the contents of 

address FFFE,.. 


Address Address 





(29) 


[ 


(0416): (5Ei6)* 


(601¢)-" im FFF 16 

(6116) DXDDXDXDXX | 
XXX 0| 00/0 
XXX|2/0] 0} 0 
XXX 210] 0 
(7316)°°° XXK)X 
(7446) XXX 0] 0 0 
(75 45)" 0/0] 0 
XXX 


XXX 2/2 


Port PO data direction register 0016 Processor mode register 0016 








Port P1 data direction register (O516)°°° 0016 (302) Watchdog timer 


oe | ee | 





Port P2 data direction register (0816)°"° 0046 Watchdog timer frequency selection flag 





0;0|;0/0 


ip 
| 


Port P3 data direction register  (09,,)-"- A-D conversion interrupt control register (7016)** 


oS 


Port P4 data direction register  (0Cj4,)--- 0016 UART 0 transmission interrupt control register (71i6)°*° 








© | 


Port P5 data direction register  (OD4.)--- 0046 UART 0 receive interrupt control register (7216) 


Port P6 data direction register (1016)°*: 0016 UART 1 transmission interrupt control register 


Port P7 data direction register (1146) 0016 


oO 


UART 1 receive interrupt control register 








(1446)°° 0016 


}o/ojojojo]2|2/2| 
DXDOOD | 


0016 


Port P8 data direction register Timer AO interrupt control register 














A-D control register Timer A1 interrupt control register (7616)°°° 








(1Ey6)* 


A-D sweep pin selection register (1Fi.6):: Timer A2 interrupt control register (7716)°°° 








oO 
e|[e elle 


UART 0 Transmit/Receive mode register (3016)°°° Timer A3 interrupt control register (7816)°"° 


: 


oS 
oO 





0046 
XXX 1/2] 0/0. 
XXX] 19 | 0/0] 


0/0;9)1\0 


UART 1 Transmit/Receive mode register (3816)°" Timer A4 interrupt control register 


(7916)°°° {9} 
(7Ay6)°*° 0 


XXX 0} 0/0] 0 
XXX 0/0] 0] 
XX 

Nf 








o 
oO 
oO |i} Oo 
oOo} Oo 


UART 0 Transmit/Receive control register(O (3446)-°- Timer BO interrupt control register 


UART 1 Transmit/Receive control registerO (3C46)--: Timer B1 interrupt control register (7Byg)** 


| 
(3Di6)*- | 0} 0] 0 


UART 0 Transmit/Receive control register 1 Timer B2 interrupt control register (7Cig) 


t 

















UART 1 Transmit/Receive control register 1 0/0/0/1/0 INT 9 interrupt control register (7Dig)** 








/\ 
X21 0] 0}9|0/ 0] 


(4016)°°: 00:6 INT , interrupt control register (7Ey6)°° 


XD 0] 0} 0/0 


0016 


Count start flag 


XX 
XiXi210)0/0]0 


|e 
[Content of FF ie 
, = 


| 
: 


One-shot start flag INT > interrupt control register (7Fig)°°° 

















0 
0/0/0|0/0 
0;0/0;0;0 
0;0;0|0;0 
OA OT a2 


(4216) °° 


Up-down flag (4446)°° Processor status register PS 0/0 








Timer AO mode register (5616)°"° 0016 Program bank register PG 00:6 





Timer A1 mode register (5716)°*° 0016 Program counter PCy Content of FFFF,¢ 








Timer A2 mode register (5816)°°° 0016 Program counter PC, Content of FFFEi¢ 











Timer A3 mode register (5916)°"° 0016 Direct page register DPR 00001. 








(5Aiy6)°° 


7 


Timer A4 mode register 0016 . Data bank register DT 


of 4 |X] o 0] 0| 0 
0/1 )X]ojo/0| 
0} 1|X\0 0}0/0 


Microcomputer internal status during reset 


0046 





Timer BO mode register (5Big)*- 





Timer B1 mode register (5Ci6)°*° 





(5Dig) °° Contents of other registers and RAM are not initialized and should be in- 


itialized by software. 


Timer B2 mode register 





Fig. 1 
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ADDRESSING MODES 

The M37702M2LXXXGP has 28 powerful addressing modes. 
M37702M2LXXXGP Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702M2LXXXGP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 





DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

Fig. 2 Example of a reset circuit (perform careful (1) M37702M2LXXXGP mask ROM order confirmation form 
evaluation at the system design level before using) (2) 80P6S mark specification form 

(3) ROM data (EPROM 8 sets) 





MEMORY 


The memory map is shown in Figure 3. 


000000). 00000016 
00007 Fi¢ 
0000801. 


Bank 046 Internal RAM 
512 bytes 


Peripheral devices 
control registers 


OOFFFF ic 


0100001¢ 
00027 Fis 


Bank 1146 


01FFFFi¢ 


Interrupt vector table 


UARTO receive 
Timer B2 


Timer A4 

Prone \ | 
Timer A2 
Internal ROM Timer AO 


FEFFFF ig | 16K bytes 


FFOO00;. INTo 
Watchdog timer 


Peer OOFFD6;, 
\ BRK instruction 
\ | | 
FFFFFFi¢ OOFFFFie RESET 





Fig. 3 Memory map 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Parameter Conditions Ratings 
Voc Supply voltage a Sey. 


AVcc | Analog supply voltage —0.3~7 

V; Input voltage RESET, CNVss, BYTE —0.3~12 

| input voltage POg~P07, P19~P17, P29~P27, P38p~P33, 

Vv P49~P47, P5g~P57, P6g~P67, P7>~P77, —0.3~Vect0. 3 
P89~ P87, Vrer, Xin 

Output voltage PO 9~P07, Plo~P17, P29 ~P27, P39 ~P33, 

Vo P4y~P47, P5p~P57, P6y~ P67, P7p>~P77, —0. 3~Voo+0. 3 


























P8~ P87, Xourt, E 








Pg Power dissipation 300( Note 1 ) 


Topr Operating temperature —40~85 
Tsta Storage temperature 


Note 1. In the case of M37702M2LXXXHP, the rating of power dissipation is 200mW. 























RECOMMENDED OPERATING CONDITIONS (vVcc=2.7~5.5V, Ta=—40~85C, unless otherwise noted) 






Parameter 









Voc Supply voltage 









High-level input voltage PO 9~P07, P39~P33, P4g~P4z, 
P59~ P5y, P69~ P67, P7o~P7z, 
P89~ P87, Xin, RESET, CNVss, 
BYTE 
High-level input voltage Pig~P17, P29~P27 

(in single-chip mode) 


























High-level input voltage P1p~P17, P29~P27 
Vin (in memory expansion mode and 
microprocessor mode) 
Low-level input voltage POg~ P07, P89~P33, P4go~P4y, 

P59~ P57, P6g~P67, P79~P77, 


P89~ P87, Xin, RESET, CNVss, 
BYTE 


Vin Low-level input voltage Pl9~P17, P29~P27 


lo-(avg) 






























(in single-chip mode) 








Low-level input voltage P1p~P17, P29~P27 
(in memory expansion mode and 







microprocessor mode) 











High-level peak output current POg~P07, Plp~P17, P29~P2z, 
P3o9~ P33, P4g~ P4,, P5o~ P57, 
P69~ P67, P7o~ P7,, P8~ P87 
High-level average output current POg~PQ7, PIgo~P17, P29~P2z, 
P39~ P33, P4g~P47, P5gp~ P57, 
P69~ P67, P79~ P77, P8~ P87 
Low-level peak output current POo~P07, Plo~P17, P29~P27, 
P39~P33, P4g~P47, P5p~P5z, 
P69~ P67, P7o~P77, P8 ~ P87 
Low-level average output current POg~P07, Plg~P17, P29~P27, 

P39~ P33, P49~P47, P§p~~ P57, 

P69~P6r, P7o~P77, P89~ P87 


f(Xin) External clock frequency input | M37702M2LXXXGP, M37702S1LGP 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL | CHARACTERISTICS (Voc=5V, Vss=0V, Tg=25C, f(Xin)=8MHz, unless otherwise noted) 

















oes 


Voc=5V lon=—10mMA 
Von High-level output voltage E Voc=5V, lon=—400uA 
Vec=3V lon=—1mA 


Vec=5V, lor =1 OmA 





Wh 
See?) 


Von High-level output voltage P3, Voc=5V, lon=—400uA 
Vec=3V, lox=—1 mA ‘ 





High-level output voltage POg~PO7, Pip~P17, P2o~P2z, vectra | | 
P39, P31, P33, P4g~P4y, 7 
P59~P57, P6y~P67, P7y>~P77, - 
erm Newer pee] 









Low-level output voltage POg~P07, P1p~P17, P29~P27, 
P3p, P3), P33, P49~ P4,, 


NO 
[o>] 











Vou P5o~P5z7, P6o~P67, P7>~P77, 

VoL Low-level output voltage cpg ei 7, P29o~P2;, Wc= 80 Soma 0. 45 
Vec=5V, lop =10mA 

VoL Low-level output voltage P3. Vec=5V, loL=2mA 4 
Vec=3V, loL=1mA 
Vec=5V, lo. =10mA 

Vo. Low-level output voltage E Voc=5V, lo, =2mA 


Vec=3V, loc=1 mA 


Vey, | Hysteresis HOLD, RDY, TAOw~TAdw, TBOw~TB2w, Voc=5V 
oO tye INTo~INT2, ADtaa, CTS, CTS}, CLK, CLK; — | Vgg=3V 


——— Voc=5V 
Vr4+—-Vr-— | Hysteresis RESET 
Vec=3V 
Vr4—Vr— | Hysteresis X | voce 
—Vy- steresis 
T+ T y IN Veo=3V 


High-level input current POgo~P07, Plp~P17, P29~P27, 
P39~ P33, P49 ~P47, P5p~ P57, 
P69~ P67, P79 ~P77, P89~ P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current PQg~P07, Pl9o~P17, P29~P27, 
P39~ P33, P49~ P47, P59~ P57, 
P69~ P67, P79>~P77, P89~ P87, 
Xiy, RESET, CNVss, BYTE Noes Mae 


RAM hold voltage When clock is stopped. 
In single-chip f( Xin) =8MHz, 


mode output square waveform | Voc=3V 4 








—s 











(o) 
2/2/92 el-jeliiz| i. | 2 
&/ ons o>) Wi © on Po 


od 
nh 















Vec=5V, Vi=5V 


ae keaed 
wm | M]w 


3 = 


is 
> 





Vec=3V, V=3V 


Voc=5V, V,=0V 







NO 













Power supply current pry ine wishin Ta=25C when clock is 
and other pins | stopped. 
are Vsg during Ta=85°C when clock is a 
reset. stopped. 








A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25°C, (Xi) =8MHz, unless otherwise noted) 


( 
Symbol. piairistat Test conditions elles Unit 
Min. Max. 







































= Resolution Vaer=Voc 
— Absolute accuracy » Vrer=Voc pm +3 LSB 
Riapper | Ladder resistance Vrer=Voc 2 laa 10 kQ 
Conversion time 28.5 | fs 
Vrer Reference voltage 27 P| Voc Vv. 



















Via 





Analog input voltage 


VREF 
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TIMING REQUIREMENTS (vVcc=2. 7~5.5V, Vss=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted) 
External clock input 


Symbol Parameter 
| Min. | i 


Tas 
ene 
ns 
ns 
mes 











1; MN 
oO; 















External clock input low-level pulse width 


uo 
oO 











External clock rise time 


External clock input high-level pulse width | 50 | | 
fe csseal 
External clock fall time 


50 
i 
[Ei eres canes 






20 
20 


Single-chip mode 













Limits 
~ Symbol Parameter Unit 















tsu(poo—e) Port PO input setup time 











tsu(p1D—e) Port P1 input setup time 


W)W | w 
OQ;oO;o 
O;O;}oO 


Port P2 input setup time 








tsu(p2D—e) 





Port P3 input setup time 


W 
oO 
8 


tsu( P3D—E) 























tsu(pap—e) | Port P4 input setup time 300 
t ss Port P5 input setup time 300 
tsu(p6ep—e) | Port P6 input setup time 300 


thc e—p2p) Port P2 input hold time 


8 
Oo 
oO 


W 
i) 
(=) 





th(e—Prep) Port P6 input hold time 
th(e—P7D) Port P7 input hold time 


Port P8 input hold time 


a 
Cc 
0 
an 
0 
uh 












th(e—pap) 





Memory expansion mode and microprocessor mode 


Parameter 


tsu(e1D—e) Port P1 input setup time 
tsu(p2p—e) Port P2 input setup time 
tsu(Rpy—¢,) | RDY input setup time 


tsu(HoLp—¢,) | HOLD input setup time 
Port P1 input hold time 
Port P2 input hold time 
RDY input hold time 

HOLD input hold time 


Limits 






Symbol Unit 








th(e—Pp1D) 










th(e—p2pd) 





thc ¢,—RDy) 








th(¢,—HoLD) 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAiin input high-level pulse width 12 | | ons | 
TAiy input low-level pulse width 123 | | ons | 













Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAijy input cycle time 
TAiwy input high-level pulse width 
TAiww input low-level pulse width 











Timer A input (External trigger input in one-shot pulse mode) 


Symbol 














| 
[500 [| ns 








Parameter 









TAiin input cycle time 








Timer A input (External trigger input in pulse width modulation mode) 


Limits 
TAiw input high-level pulse width | 250 | | 
TAin input low-level pulse width | 250 | | 


Timer A input (Up-down input in event counter mode) 


TAiout input high-level pulse width 2500 | fons 
TAiour input low-level pulse width 2500 i 





























TAiour input setup time 1000 
Tala input ald une 1000 
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Timer B input (Count input in event counter mode) 


Limits : 

tco(TB) TBiiy input cycle time (one edge count) 250 | ]ons 
so ee AT i Ss eae Bek 
Ftwwcrex) | TBin input low-level pulse wiath (one edge count) —SSSS~—~“~“‘“~*~*~*~“‘~*~*~*~*~sYC~SiSSYYSSSC*dSS 
Ftocray | TBin input eycie time (both edges count) SSSC~“~“~*~*~*~*~‘“~*~*~***~S~s~S~SSSOY 


TBiyy input high-level pulse width (both edges count) 


TBiw input low-level pulse width (both edges count) 




















NO] RN 
oy nn 
oO; oO 





Timer B input (Pulse period measurement mode) 


Symbol Parameter 





tc(TB) TBiw input cycle time 








tw(tBH) TBijy input high-level pulse width 











tw(TBL) TBijy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBin input cycle time 


tw(TBH) TBiyy input high-level pulse width 
tw(TBL) TBijy input low-level pulse width 
A-D trigger input 


Symbol Parameter 


ADtrq input cycle time (minimum allowable trigger) 
ADrtro input low-level pulse width 









































Serial I/O 


= rrr 


4 
F twicxn) | CLK Input righ-evel puse with” ——~C~*~“‘“‘*S*S*S*“‘“‘“<S*~<CS as 
twicx.) | CLKiinput low-level pulsewidth ——=SSCS~*~“~<S as 
Ptarc-o1 [TDi autputdeaytime ——SSSSCSC~“‘“~*S*“s*~S*S*S*“‘“~SSCSCSSSSSSSS 
Ctnicna | TDiteldtime——SSSSSSCSCSC~“‘“*“*~“‘“‘“‘“S 
teuto—o) | PrDj put seup time —=S=~*~“‘“*S*S*~“‘“*S*SCSCSCSC“‘“‘SCSSSSS Sd 8 
















External interrupt INT] input 


INT; input high-level pulse width 
INT; input low-level pulse width 














¢ MITSUBISHI _ 
ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


M37702M2LXXXGP,M37702S1LGP 
M37702M2LXXXHP 
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SWITCHING CHARACTERISTICS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
Single-chip mode 


|Rgce=roay | Pon PO data ouput delay time 


Limits 





Ww 
Oo 
Oo 


Unit 
















W 
OQ 
ae 


Ww 
Oo 
Oo 












W 
oO 
8 


W] Ww 
oO;OQ 
O;oO 


W 
oO 
oO 


W 
Oo 
8 


W 
oO 
Oo 





Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 

Port P1 floating start delay time (BYTE=“L”) 
— ) 





Limits 
















Unit 








HLDA output delay time 
ALE output delay time 
ALE pulse width 


Port P1 data hold time (BYTE=“L”) 


th(e—P1a) Port P1 address hold time (BYTE=“H”) 
thcace—p2a) | Port P2 address hold time 


Port P2 data hold time 
tpzx(e—pe2z) | Port P2 floating release delay time 





) 
) 
) 
BHE output delay time 
e) 
) 


— —_, —s 
& ie) WwW Ww 
oO oO oO Oo 









o})wo;n gi a;o bin on 
oO; o1o oO oO;oO o;o Oo 





BHE hold time 
R/W hold time 
E pulse width 





oOo, 
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Memory expansion mode and microprocessor mode (wren wait bit = “1”) 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 


Limits 





Unit 












— 


7 ek 
N —_i| Ww 
co) oO|o 


30 





( 
E) 
Port P1 address hold time (BYTE="H”) 
E pulse width 


Po 
— o;o oT} wo} oO gi oy) oO pion on ol 





Fig. 4 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM ty tf t 
Cc 
Single-chip mode win) wi) 
f( Xin) 
E 
| tdie-pog) 
Port PO output BD. 
tsu(Poo—e) pce 
Port PO input A th(e—pop) 
aay tdie—prq) 
Port P1 output |X 
tsu(p1p—e) aia 
A 
Port P1 input thie-prp) 
ng tdi e—p2q) 
Port P2 output |X 
tsu(p20-e) pasa 
= 
Port P2 input thie—p2o) 
| td(e—p3q) 
Port P3 output | X 
tsu(p3p—e) 
pees 
Port P3 input _ thie—psp) 
uy tdie—paq) 
Port P4 output x 
tsu(psp—E) iO 
Port P4 input thie— Pao) 
aig tdie—psa) 
Port P5 output ie \ 
tsu(ps0—€) — 
Port P5 input - Ine—eso) 
emg tdie—p6a) 
Port P6 output | X 
tsuipeo—e} 
| _-—— 
Port P6 input th(e—pep) 
ng td(e—p7q) 
Port P7 output Xx 
tsu(p7p—£) 
Port P7 input |) th(e—p7p) 
nan td(e—psa) 
Port P8 output x 
tsu(psp—e) pee 
Port P8 input - th(e—pep) 
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TAtw input 





TAigour input 


TAiour input 
(Up-down input) ( 


In Event counter mode 


TAin input 
(When count by falling) 
PS 8 Ee] 


So eee 
(When count by rising) 
toc 1B) 
TBiw input | 
te.ao) 
teick) 
tsuio-c) thic-o 
ee 
RxD; 


tWaNL) 


INT; input 
twanH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$; 


mi| 
~ 


RDY input 


tsu(RDY—¢,) thi ¢1—apy) 


(When wait bit = “0”) 


$y 


mi 
~ 


RDY input 


tsu(rpy—4,)}  th(¢1—rRoy) 


(When wait bit = “1” or “0” in common) 


dy 








t = 
tsu(HoLo— 4; ) h(¢; HOLD) 


HOLD input 





td(¢,—HLDA) td(4;—-HLDA) 


HLDA output 


Test conditions 

co = 2.7~5. 5V 
* Input timing voltage 9: Vi, = 0. 2Vcc, Vin = 9. 8Vec 
* Output timing voltage : Vor = 0. 8V, Vou = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


(Xin) 


¢; 


tdie—¢,) 3 


nN 









thi ace—p2a) : 


r 





d(—E—¢,) 


_“ 








tpzx(€—P2z 





(Ag~A?) 
ncave = Pray) ue tozx(e—Piz) 
(Ag~A,5/Dg~D,5) wh t _ ) 
(BYTE="L") tdipia—ALe) d(€-P1Q 
tdipia—e) 
thie—Pra) 
na es CD 
(Ag~Ais) 
(BYTE="H") —t\ thie—prD) 
Port P1 input 


, 
: 


Port P2 output 
(Aig~Az3/Do~D;) 


tdip2a—ace) || td(e—P2a) 


Port P2 input 


twiace) 


Port P3, output 
(ALE) 


Port P3, output 
(BHE) 


{ tdinsw-e) 


Port P3, output 
(R/W) 


Test conditions 
* Voc=2. 7~5.5V 
* Output timing voltage > Vo. =0. 8V, Von=2. 0V 


* Ports P1, P2 input : Vii =0. 16Vcc, Vin=0. 5Vec 





ddress Address 


f 
; 
x 
IF 
| 4» 
) N 
| 
| 


tsu(p20-€) 


_——+| thie-p2p) 


lw tdiace—e: 


thie—Rvw: 
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Memory expansion mode and microprocessor mode (When wait bit = “0", and external memory area is accessed) 


(Xin) 


$y 


Port PO output 
(Ao~Az) 


Port P1 output 
(Ag~A,5/Dg~ D,s5) 
( BYTE= “ E* ) 


Port P1 output 
(Ag~Ai5) 
(BYTE=“H") 


Port P1 input 


Port P2 output 
(Aie~Az3/Do~ D7) 


Port P2 input 


Port P32 output 
(ALE) 


Port P3, output 
(BHE) 


Port P3, output 


tdie—¢,) 


thi ace—P1A) rho] ter 


L——+-}—' 







tc 


rat 


| / 

td E— 4) 
heme be <li 
= CT nee |) 


oe | eae 


Data ess Address 
thea 14) cans es 










td (P1A—ALE) 
as 
_ FR ~ 
ernie P2A) a ase eb p2z) 
ci 5 Address 
tsu(p2p-e) 
ea leai- E) 





pansy thie—p2p) 


tt 
td(aLe—e) 


d( BHE-E) 


thie— BHeE) 





tdir/w-e) 


thie— Rw) 





(R/W) 
Test conditions 
* Voc=2. 7~5. 5V 
* Output timing voltage * Vo. =0. 8V, Voy=2. OV 
* Ports P1, P2 input V,;.=0. 16Vcc, Vin=0. 5Vcc 
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DESCRIPTION 

The M37702M3BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has three instruction queue buf- 
fers, and two data buffers for high-speed instruction execu- 
tion. The CPU is a 16-bit parallel processor that can also 
be switched to perform 8-bit parallel processing. This mic- 
rocomputer is suitable for office, business and industrial 
equipment controller that require high-speed processing of 
large data. 

The differences between M37702M3BXXXFP and M37702MDB 
XXXFP are the ROM size as shown below. Therefore, the 
following descriptions will be for the M37702M3BXXXFP 
unless otherwise noted. 


[typename —=«dtS=i“‘ésUWIOM z@™=~~*d 
M37702M3BXXXFP 24K bytes 
M37702MDBXXXFP 32K bytes 


The M37702M3BXXXFP has the same functions as the 
M37702M2BXXXFP except for the memory size and only in 
single-chip mode for the processor mode. 






FEATURES 

@ Number of basic instructions::+::++-1++1171rrssreere rere 103 

@ Memory size ROM-----:24K bytes (M37702M3BXXXFP) 
32K bytes (M37702MDBXXXFP) 


RAM Serre rerrrerrrr rT cere ere ee eee 1024 bytes 

@ Instruction execution time 

The fastest instruction at 25 MHz frequency -::-:::- 160ns 
@ Single power supply sia a Odie 0 Gibie Gieleie b¥a't a. tinrel einen iv es hie oigie's 5V+t10% 
@ Low power dissipation (at 25 MHz frequency) 

n Mpalahe abehisrs Sieleeaienlelesinta notice Oo ee cine oa 06 thnates date baa weiewi ss 95mW (Typ.) 
e@ Interrupts Pererrrrerrererrrere rrr eer ree ee rrr rr 19 types 7 levels 
@ Multiple function 16-bit timer ----::---------- iBae SSE S+3 
@ UART (may also be synchronous) srr rrr 2 
@ 8-bit A-D converter ss 1:1 rte 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)-s 68 


PIN CONFIGURATION (TOP VIEW) 


P89/CTSo/RTSo 
2/RxDo 


VREF 
AVcc 
Vcc 
** P8,/CLKo 
SI pg 


** P7,/AN7/ADtRG 
Vss 
AVss 


** P72/AN> 
 P73/AN3 
 P74/AN4 
= P75/ANs 
> P76/ANg 


33 | 
El 
=] 
Eig 


** P83/TxDo 


P7o/ANo + 1] 
P6;/TB2,y +> 
P6¢/TBI jy +> 
P6s/TBOn +> [4 

P64/INT> +> 

P6,/INT, +> [6 


< <= 
(oe) or) 
N N 
a | N 
© © 
NO NO 
52 5 
O 

ee) es) 
x< ~< 
< ~< 
s< x< 
Tl “Tl 
0 U 


Outline 80P6N-A 





APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments: 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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M37702M3BXXXFP_ BLOCK DIAGRAM 


Reference Bus width 






instruction Register (8) 


Clock input Clock output Enable output Reset input (5V) (OV) (OV) (OV) — (5v) voltage input selection input 
E RESET Voc Vss CNVss AVss AVoc Vere BYTE : 
a i a aes cake a aia as as 





































(91 )HwUN 
21607] syewyuy 
(¥Z) JOJUSWS9IOU| 





(91)ai 49)s1Bay sayng yndu) 
(8)10 4a)sIBay yueg eyeq 
(2) J9JUIWIID9G/JOUSW9IOU} 
(yz) Wd 4a)sIGey ssoippy wesboig 
(8) +} 4ayng anandH uonyonsysuy 
g)0H seyng anany uononsysu| 
(8)4aq Jeyng eyeq 





(bZ) VO saysiBay ssoippy ereq 
(8) aq 4eyNg ejeq 





(91)X 49}s1B9y xepu; 





(8)Dd 4aysibay yueg wesboig 
(9L)Od 49,UN0D wesbolg 





(9|)v s0ye|NWNDOY 
(QL)A 4a3sIBey xepu| 
(QL)S 49}U10d OBIS 
(91) dd saisiBoy obey yooug 
(LL)Sd 49\s16ay smyeig JOSsed0ld 





(91) s0ye;nWINDDY 


~ 




















~ (8)2O JOyNg aneNnyH uOoNysSUy 


Timer TA4(16) 
Timer TASC) 
ae (16) Timer TB2(16) 
1024 Bytes Timer TA1(16) Timer TB1(16) UART 1(9) 
Timer TAO(16) | | Timer TBO(16) UART 0(9) 













ROM 
24K Bytes 
(Note) 







sng ssoippy 
(PPO)sng ejeq 
(Ud9Aq)sng eye 
















P8(8) 

























| 
| 
| 
| 
| 
| 
| 
| 
| 
, 
| 
| 
| 
| 
| 
| 
, 
| 
| 


: ddoadadd doonanad bdnodddd dddddddd bdadondd So6o HooODooD bdboadod bddadodd 
Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 


Note : 32K Bytes for M37702MDBXXXFP 


YALNdUWODONSIW SOW) LIS-9T dIHO-3T9NIS | 


d4iAXXXEGWZoZZew 
diXXXSEWZOLLEW 
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FUNCTIONS OF M37702M3BXXXFP 


Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
ROM | 24K bytes 
M37702M3BXXXFP 
Memory size 
[ROM ____| 82K bytes 
M37702MDBXXXFP 


1024 bytes 
PO~P2, P4~P8 8 -bitX 8 


P3 
TAO, TA1, TA2, TA3, TA4 16-bit 5 


Watchdog timer 


3 external types, 16 internal types 


Power dissipation 95mW(at external clock 25MHz frequency) 
Input/Output characteristic 

Operating temperature range —20~85°C 
CMOS high-performance silicon gate process 
80-pin plastic molded QFP 






















Input/Output ports 








Multi-function timers 



















interrupts 
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PIN DESCRIPTION | | 
ee Sa... ns 


Voc: Power supply Supply 5V+10% to Vcc and OV to Vss. 
Vss 


RESET Reset input 
E Enable output Output 


BYTE Bus width selection input Input 
















To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 













These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 











Data or instruction read and data write are performed when output from this pin is “L”. 










Connect to Vss. 





Power supply for the A-D converter. Connect AVcc to Voc and AVsgsg to Vsg externally. 


Reference voltage input Input This is reference voltage input pin for the A-D converter. . 
PQ 9~ P07 1/O port PO 1/0 Port PO becomes an 8-bit I/O port. An I/O direction register is available so that each pin can be program- 
med for input or output. These ports are in input mode when reset. car: . 


Pig~P17 I/O port P1 1/0 These pins have the same functions as port PO. 


P2>~P2, _‘| I/O port P2 


2 
30 P33 I/O port P3 
4 


P 
P 


Analog supply input 















1/0 These pins have the same functions as port PO. 













These pins have the same functions as port PO. 


o~P4, I/O port P4 1/0 These pins have the same functions as port PO. Port P42 can be programmed for ¢; output pin divided the 
clock to Xin pin by 2. 


P59~ P57 I/O port P5 1/0 In addition to having the same functions as port PO, these pins also function as I/O pins for timer AO, timer 
A1, timer A2 and timer A3. 










I/O port P6 In addition to having the same functions as port PO, these pins also function as I/O pins for timer A4, exter- 


nal interrupt input INTo, INT; and INT» pins, and input pins for timer BO, timer B1 and timer B2. 





I/O port P7 In addition to having the same functions as port PO, these pins also function as analog input ANo~AN7 input 


pins. P77 also has an A-D conversion trigger input function. 







I/O port P8 






1/0 In addition to having the same functions as port PO, these pins also function as RxD, TxD, CLK, CTS/RTS 
pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 

The M37702M3BXXXFP has the same functions as the 
M37702M2BXXXFP except for the following: 

(1) The ROM size is 24K bytes. 

(2) The RAM size is 1024 bytes. 

(3) Processor mode is only the single-chip mode. 
Therefore, refer to the section on the M37702M2BXXXFP. 


MEMORY 

The memory map is shown in Figure 1. 

The address space is 64K bytes from addresses 0, to 
FFFF,.. This 64K bytes address space is called bank 04.. 
M37702M3BXXXFP can operate only in the single-chip 
mode. Therefore, the built-in ROM, RAM and control regis- 
ters for the built-in peripheral devices are assigned to bank 
O16. 


V/7 
Peripheral devices 


control et 
00007F 1¢ /| 


000080,¢ 


Internal RAM 


Interrupt vector table 


Y : 
Yn Peripheral devices Timer Bt 
Zz control registers Timer BO 


\ . 
QS ** Internal RAM Timer A3 


24K bytes 
- Internal ROM 


INT> 


Lp rr 


x jr 





=D pr fr |= fr- 


jr jf fz r- 


= |r 


INTo 
OOF FD64, Watchdog timer 


DBC (Note 2 ) 


BRK instruction 


pe Ee ee | ee ee | ee ee ee pee | 


zr yrT 


Zero divide 
OOFFFFig | _ RESET 





Note 1. Internal ROM of M37702MDBXXXFP is 32K bytes from addresses 8000,, to FFFF4.. 
2. The DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, usually. 





Fig. 1 Memory map 
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PROCESSOR MODE 

The processor mode register bit configulation is shown in 
Figure 2. M37702M3BXXXFP can operate only in the single- 
chip mode. Therefore, set bit 0 and 1 of the processor 
mode register to “00”. 


¢ BYTE pin 
Connect the BYTE pin to Vsg. 
© CNVss pin | | 
Connect the CNVsgzg pin to Ves. 


Address 


Processor mode register 5Ey6 


Processor mode bit 


These bits shall be “00”. 


(These are set to “00” after a reset.) 


Not used 


eee epee Software reset bit 


Reset occurs when this bit is set to 1 


Interrupt priority resolusion time selection bit 
00 : Select 1/f(Xin) X14 
01 : Select 1/f(Xin) X 8 
10 : Select 1/f(Xin) X 4 


1 1 : Not select 


Test mode bit 


This bit must be “0” 


Clock ¢, output selection bit 


0 : No ¢, output (P4, for I/O port) 


1 : $1 output (P4, for ¢, output) 


Fig. 2 Processor mode register bit configulation 


ADDRESSING MODES 

The M37702M3BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M3/7702M3BXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 





DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M3BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Symbol Conditions 
| Voc __| Supply voltage 


Analog supply voltage 
| V, __| Input voltage RESET, CNVss, BYTE 








Input voltage POg~P0;7, Pip ~P17, P29~P27, P3p~ P33, 
P49~ P47, P59~P5z7, P69~ P67, P7)~P77, 
P8o~ P87, Vrer, Xin 


Vcc 
V; 
Vi 
Output voltage PO o~PO0,, P1o~P1z, P29~P2,, P39~P33, 
Vo 
P89~P8,, Xour, E | eee ear Tie 





P4o~ P4,, P59~P5z, P69~ P67, P79~P77, 
Power dissipation 


Topr Operating temperature 


Storage temperature 





Symbol Parameter 


Analog supply voltage 
Supply voltage 
Analog supply voltage 


High-level input voltage PO9~P07, P1l9o~P17, P29~P2z, 
P39~ P33, P49~P47, P5p~P57, 
P69~P67, P79~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 
Low-level input voltage POg~P0;7, Pl9~P17, P29~P2;, 
P39~P33, P49~ P47, P59~P5z, 
P69~ P67, P79>~P77, P89~ P87, 
Xin, RESET, CNVgs, BYTE 
High-level peak output current P0g~P07, P1o~P17, P29~P2z, 
lon(peak) P39~P33, P4p~P47, P5g~ P57, 
P69~P67, P7o~P77, P89~P87 
High-level average output current P0g~P07, P1p~P17, P2o~P2r, 
lon(avg) P39~P33, P4g~P47, P5o~P5z, 
P69~P67, P79>~P77, P89~P87 
Low-level peak output current POg~P07, Plp~P17, P29~P2z, 
lo(peak) P39~P33, P4g~P47, PSg~P57, 
P69~P67, P7>~P77, P89 ~P87 
Low-level average output current POo~P07, Plg~P17, P29~ P27, 
lot(avg) P39~P33, P4g~P47, P5p~P5z, 
P6o~ P67, P79>~P77, P89~ P87 


(Xin) External clock frequency input 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, PS, P6, and P7 must be 80mA or less, and 
the sum of lou(peak) for ports P4, PS, P6, and P7 must be 80mA or less. 



































MITSUBISHI MICROCOMPUTERS 


M37702M3BXXXFP 
M37702MDBXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25C, f(Xiy) =25MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
j smb | rameter | Tatemtone Typ. 


| Max. 
High-level output voltage PQo~P0O7, Plo~P17, P2o~P27, 
P3o, P3;, P33, P4o~ P47, . 7 
P59~P5;7, P60~ P67, P79~P77, ; 
P89~ P87 
leis ae 
| Vow | 
Weis tz) 
























Vou V 
; 
VoL Low-level output voltage P32 flo=WmaA tt sisi‘s;‘sé‘~*rCS*s*i*dY 
VoL Low-level output voltage E o=lmA ssi(‘i‘id;*;*S*zd 1.6 V 
o | 
ADrre, CTSo, CTS;, CLKo, CLK; 
Vy4+—Vr— | Hysteresis RESET ; 
Hysteresis Xin 0.3 V 
High-level input current POg~P07, Pigp~P17, P29~P27, 
P3p~P33, P4g~P47, P5p~P5z, 
P69~ P67, P79>~P77, P89~P87, 
Xin, RESET, CNVsgs, BYTE 
Low-level input current POg~P07, P19~P17, P29~P2;, 
P39~ P33, P4g~P47, P5p~P57, 


P60~ P67, P79~P77, P89~ P87, 
Xin, RESET, CNVgs, BYTE 








Low-level output voltage POg~P07, P19~P17, P29~P27, 
P3o, P31, P33, P49~P47, 

P5o~ P5,, P69~ P67, P79~ P77, 
P8)~ P87 














































Ts 


















he 
Vram 


RAM hold voltage 





When clock is stopped. 

f( Xin) =25MHz, hes 
square waveform 
Ta=25C when clock | 
is stopped. 













In single-chip mode 
output only pin is 

open and other pins 
are Vsg during reset. 










Power supply current 





Ta=85C when clock 
is stopped. 














| Limits 
Symbol Parameter Test conditions | imits Unit 
a Typ. Max. jt 


[= [abst accuracy z3 [1s 
: | Se a i 
Ladder resistance 10 















Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 
External clock input 





tsu(Poo—e) 


Parameter 





External clock input cycle time 
External clock input high-level pulse width 








External clock input low-level pulse width 





External clock rise time 
External clock fall time 


Parameter 





Port PO input setup time 
Port P1 input setup time 














Min. 








Unit 


ns 








=) 
no 





Port P2 input setup time 
Port P3 input setup time 





Port P4 input setup time 














Port P5 input setup time 





tsu(PsD—E) 
tsu(p6ep—e) 


Port P6 input setup time 
Port P7 input setup time 

















Port P8 input setup time 
th(e—Ppop) Port PO input hold time 


th(e—Pep) 


Port P6 input hold time 





Port P7 input hoid time 





th(e—p7D) 
th(e—pap) 





Port P8 input hold time 


a 
” 
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Timer A input (Count input in event counter mode) 


. Limits 
Symbol Parameter 


TAin input cycle time 
TAiy input high-level pulse width 


tw (TAL) TAiy input low-level pulse width - 


Unit 





Timer A input (Gating input in timer mode) 


TAiin input cycle time 
TAiwy input high-level pulse width 
twitTaL) TAiy input low-level pulse width. 


Limits 










Unit 





——!— | W 
Di M!N 
O1o|;|o 





Timer A input (External trigger input in one-shot pulse mode) 


Limits -_ 
_ Symbol Parameter Unit 


TAiiy input high-level pulse width 80 | ons | 
TAii input low-level pulse width — 








Timer A input (External trigger input in pulse width modulation mode) 


. . . Limits 
Symbol Parameter 







TAiwy input high-level pulse width | : 
TAi input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter 


200 





Unit 


© 







—t | ot 
&) hi O!O 
O;O;O!1O 
O;O};}oO!;o 
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Timer B input (Count input in event counter mode 


) 
Symbol Parameter 


to(tB) TBiyy input cycle time (one edge count) 


tw(tBH) TBiyy input high-level pulse width (one edge count) 








twiTBL) TBiyy input low-level pulse width (one edge count) 
te(Tp) TBiyy input cycle time (both edges count) 


tw(TBH) TBiy input high-level pulse width (both edges count) 





twi(tBL) TBin input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


Symbol Parameter 





pas onan 
to(tB) TBiy input cycle time 





tw(tBH) TBiyy input high-level pulse width 














tw(tTBL) TBiiy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol . Parameter 


TBim input cycle time 


~ twitBH) TBiy input high-level pulse width 
tw(TBL) TBiy input low-level pulse width 
A-D trigger input 


Symbol Parameter 


to(ap) ADrrc input cycle time (minimum allowable trigger) 














tw(aDL) ADtrg input low-level pulse width 








Serial I/O 


CLKj input cycle time 
CLKj input high-level pulse width 
CLK; input low-level pulse width 
TxD; output delay time 
TxD} hold time 


tsu(p—c) RxDj input setup time 


Limits 

























RxDj input hold time 


ie) 
Dw) © 
© io) 





External interrupt INTj input 


Symbol Parameter 


tWUNH) INT; input high-level pulse width 








INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xiy)=25MHz, unless otherwise noted) 


. Limits 


























Fig. 3 Testing circuit for ports PO~PS8, ¢, 
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TIMING DIAGRAM 


f( Xin) 


mi 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 output 


Port PS input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 


$y 


tr tf 


tc 


tsu(pop—e) 


tsu(p1D—E) 


tsu(p2D—-e) 


tsu(paD—e) 


tsu(psp—e) 


tsu(pep—e) 


tsu(psp—E) 


ES 


tdie—¢ D 


iy td(e—poa) 
X 


B th(e—pop) 


| td(e—P1a) 
X 


i th(e—p1p) 


( 


= | td(e—pea) 


A th(e—p2p) 
ag td(e—p3aq) 
B. 


ag ee 

A th(e—psp) 
| td(e—psa) 
X 


B th(e—pap) 
= td(e—psq) 
xX 


i thie—psp) 
L. | td(e—p6a) 
|X 


B th(e—pep) 
| td(e—p7a) 
|X 


tsu(p7p—E) = 

: me th(e—p7D) 
a | td(e—psq) 
X 


i) th(e—psp) . 


a 


td(e—¢}) 





ae Ee 
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TAiin input 


TAiour input 


TAiout input 
(Up-down input) 


In Event counter mode 


TAin input 

(When count by falling) 
ee 

TAiy input 


(When count by rising) 


TBiwy input 


ADrre input 


to(ck) 


CLK; 
vs —— 
tsu(p—c) 
inimical 
RxDj 


twiint) 


INT; input 
tWUNH) 











thic—a) 


ae 


th(c—p) 





Test conditions 

ba Voc=5V+10% 

* Input timing voltage * Vi). =1. OV, Viy=4. OV 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 
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M37702M4-XXXFP and 
M37702S4FP are respectively 
unified into M37702M4AXXXFP 
and M37702S4AFP. 


DESCRIPTION 

The M37702M4AXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
_for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business and industrial equipment controller that re- 
quire high-speed processing of large data. 

The differences between M37702M4AXXXFP, M37702M4B 
XXXFP, M37702S4AFP and M37702S4BFP are the ROM 
size and the external clock input frequency as shown be- 
low. Therefore, the following descriptions will be for the 
M37702M4AXXXFP unless otherwise noted. 










[Type name [ROM size | Bieral cc theory | 
[Ma7702s4BFP | External_~| aS | 


The M37702M4AXXXFP has the same functions as the 
M37702M2AXXXFP except for the memory size. 


FEATURES 

@ Number of basic instructions TOrerrrrre rer rere ere ee ee ee 103 

@ Memory size ROM Peer e ec werner eer raeereesnence 32K bytes 
RAM see e eee cer eerc ence enseeeseesens 2048 bytes 


@® Instruction execution time 
M37702M4AXXXFP, M37702S4AFP 
(The fastest instruction at 16 MHz frequency):::-:- 250ns 
M37702M4BXXXFP, M37702S4BFP 
(The fastest instruction at 25 MHz frequency)::::-: 160ns 


e Single power supply ebicr tas it aials: Hard aay Ntetea se iehidtats Sh aiecie, 316.5 lore 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

Basen eRe Nee mean EM Rea agent aeineleneG Rabe Tepcnsiene sien 6O0mW (Typ.) 
@ Interrupts Comme rere r rear rer ree senesserseservesseace 19 types 7 levels 
@ Multiple function 16-bit timer: S+3 
@ UART (may also be synchronous ) OMe bo plerelantaavatsg ateieaie vase deans 9 
@ 8-bit A-D converter errr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 68 
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PIN CONFIGURATION (TOP VIEW) 


Eibee P7,/AN, 
«+ P83/TxDo 


8] 


P6s/TBOy +> [4] 
P6,/INT, +> [5] 
P6,/TA4y + [8 
P5,/TA3y + [19 
P5s/TA2y +> 
P5,/TA2our +> 
P5,/TAty + [14 


P5,/TAQiny +> LS 


djgvsc0ZZew 
JO 
dijVrpsc0Zlew 
4O 
d4axxXxdvWcOZZew 
d4axXxXxXVPWcOZZEW 


P4,/DBC* «+ [13] 
P4,/VPA* «+ [19] 
P4;/VDA* «> 
P4,/QCL* +> 


64] +> P8,/CTS,/ATS, 
+> P8./CLK, 
+> P8/R,D, 

61] <> P8,/T,D, 

60] <> P0,/Ag 


+> P0,/ Ag 
56+» PO4/A, 
bd P0s/As 
+> P0./Ag 
> P07/A7 


- P1,/Ag/Do 

ad P15/A10/D10 
49] > P13/A,,/D4, 
48] «> P14/Ay2/D42 


46] «> P16/A,4/D14 
= P17/Ay5/Di5 
44] +> P2o/Ay6/Do 


P4,/MX* ++ 
+> P2./Ay9/D>2 


P4,/RDY «> 41] +> P25/A,9/D5 


Ww 
wd 
Ww 
> 
Ww 
El 
Ww 
[Si 
Ww 
@ 
w 
wo 


P33/HLDA <> 
P32/ALE + 
P3,/BHE <> 
P39/R/W <> 

P27/Ao3/D7 + 

P25/Ao1/Ds - 

P24/Ao20/D4 Si S| 


P49/HOLD + [| 
P26/A220/Dg <> 


Outline 80P6N-A 


* : Used in the evaluation chip mode only 





APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors and personal 
computers | 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
crocomputer. 






The M37702M4AXXXFP and M37702S4AFP satisfy the 
timing requirements and the switching characteristics of 
the former M37702M4-XXXFP and M37702S4FP. 
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M37702M4AXXXFP BLOCK DIAGRAM | |  Gieees ‘Bical 
Clock input Clock output Enable output Reset input (5V) (OV) (OV) - (OV) (5V) voltage input selection input 
E BYTE 





Xin Xout E RESET Voc Vss CNVss AVss Moc Veve 
(30) ~ —@)——__ - - B eS (ee a = a al _ oa - a 2 4 


Instruction Register (8) 









































(9L)wUuNn 
91607 shewuyy 
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=_ 
@ 
= 
iS 
> 
~Y 
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(pZ)Wd 421s!6ay ssouppy Wesbold pea ee 


(QL) Joyejnunsoy 
(91) s0yejNWINDOY 
(91)X 4e}s!159y xepu| 
(QL )S 49}UIOd 49B1S 
(91) al 4aIs1Bay soyng yndu| 
(8)1G 43)}si6ay yueg eyeg 
(8)Dd saysiBay yueg WesBoig 
(8)'Aq 4eyNg Beq 
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(9L)Od 49}UNOD WesHOld 





> 
Q 
x 
oO 
3 
o 
= 
2) 
= 
O 
® 
ie) 
oad 
ov 
3 
o 
> 
= 
4 
= 
-_ 
ho 
> 





(g)0m 494jNg ananH voHondjsu| 





(8)!® 40y3Ng enany YORONAsU| 





(8)20 494jNg ananH uoKRonsysu| 








Timer TA4(16) 
Timer TA3(16) 
Timer TA2(16) Timer TB2(16) 
ROM RAM . 
32K Bytes 2048 Bytes Timer TA1(16) Timer TB1(16) UART1(9) 
Timer TAO(16) Timer TBO(16) UARTO(9) A-D Converter(8) 


sng sseippy 















| 


|__ gh dang 64065 68 6 $-Aod187Dd8 4940) 2 BD)SEXDB) AOA 131019 49 47-1919. 22D 20 C3 CH E-GIGH G5 39-4 4HG9.4D4) 449 4H-—A5/484 48) 4D606DS2 4964 651006 686960 — - ———— 
Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 


port P8 port P7 | port P6 port P5 port P4 port P3 port P2 port P1 port PO 





YUALNdINODONIIWN SOWD LIS-9T dIHO-J19NIS 


diSPSZOZLEW  daVPySZOZLEW 


diAXXX9PVINZOZLZEW daAXXXVPINZOZLEW | 
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FUNCTIONS OF M37702M4AXXXFP 
























M37702M4AXXXFP, M37702S4AFP 250ns (the fastest instruction at external clock 16MHz frequency 
instruction execution time 


M37702M4BXXXFP, M37702S4BFP 160ns (the fastest instruction at external clock 25MHz frequency) 
Memory size 

RAM 2048 bytes 

PO~P2, P4~P8 8 -bitX 8 

P3 


: : ) 
Input/Output ports - 3 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 
Serial 1/O (UART or clock synchronous serial |/O) X2 
i ) 
) 




















Watchdog timer 12-bitX 1 


3 external types, 16 internal types 
Interrupts 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator 
Supply voltage 5 V410% 
( 


Power dissipation 60mW(at external clock 16MHz frequency 
Input/Output characteristic 
Operating temperature range —20~85'°C 


Device structure CMOS high-performance silicon gate process 
Package 80-pin plastic molded QFP 
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PIN DESCRIPTION 


Voc, Power supply = Supply 5 V+10% to Voc and 0 V to Vgs. 
Vss 


i“ ™ ba 


i = 


de Enable output c Data or instruction read and data write are performed when output from this pin is “L”. 


Bus widi seiection input ni memo ode cE 
AVcc 


ory Expansion Mode or Microproce 
Reference voltage input This is reference voltage input pin for the A-D converter. 


8-bit width or 16-bit width. The width is 16 
PO o~ P07 1/O port PO 


Pig~P17 1/O port P1 1/0 


P2>~P2, | 1/0 port P2 VO 
a 


I/O port P4 in single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 
















This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 










To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 












These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjx pin 
and the Xgyr pin should be left open. 


otorminas wy hath 
ctermines w er the external data bus is 


rn thie 
c, mis pir 


its when “L” signal inputs and 8 bits when “H” signal inputs. 








oy 






Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVgg to Vsg externally. 


In single-chip mode, port PO becomes an 8-bit I/O port. An |/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 










— 
In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D;5~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(Ais~Ag)is output. 











In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Azs~ Arg) is 
output when E output is “H”. 








In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 



















I/O port P5 in addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 


pins for timer AO, timer A1, timer A2 and timer A3. 








1/O port P6 In addition to having the same functions as port F PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT: and INT» pins, and input pins for timer BO, timer B1 and 


timer B2. 














I/O port P7 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANg~AN; input pins. P77 also has an A-D conversion trigger input function. 





\ 











P8~ P8, 





1/O port P8 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS MACHINE INSTRUCTION LIST 
The M37702M4AXXXFP has the same functions as the The M37702M4AXXXFP has 103 machine instructions. Re- 
M37702M2AXXXFP except for the following. fer to the MELPS 7700 machine instruction list for details. 
(1) The ROM size is 32K bytes. 
(2) The RAM size is 2048 bytes. DATA REQUIRED FOR MASK ORDERING 
Therefore, refer to the section on the M37702M2AXXXFP. Please send the following data for mask orders. 

(1) M37702M4AXXXFP mask ROM order confirmation form 
MEMORY (2) 80P6N mark specification form 
The memory map is shown in Figure 1. (3) ROM data (EPROM 8 sets) 


ADDRESSING MODES 

The M37702M4AXXXFP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


00000016 000000;, 
00007F;.¢ 
000080;. 


Bank 046 Internal RAM Peripheral devices 
- 2048 bytes control registers 


OOFFFFie 


0100001. 
00087F 1, 


01FFFFi¢ 


interrupt vector table 


UART1 transmission 
UART1 receive 
UARTO transmission 
UARTO receive 
Timer B2 
FE0000« Internal ROM 
32K bytes Timer A2 
FEFFFFi¢ a 
FFOO00. 
INT 
JNTo 
; Watchdog timer 
\ | 
OOFFD6i¢ \ BRK instruction 
\ 


FFFFFFig OOFFFFi¢ RESET 


Bank FFi¢ 





Fig. 1 Memory map 
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ABSOLUTE MAXIMUM RATINGS 


eae 3a] 
Analog supply voltage —0.3~7 
Input voltage RESET, CNVss, BYTE —0.3~12 

























Input voltage POgo~PO07, P19~P17, P29~P27, P38p~P33, 
P49~ P47, P59~ P57, P69~ P67, P7)~P77, 
P89~P87, Vrer, Xin 
Output voitage POp~P07, P19~P17, P29~P27, P39~P33, 
P49~P4,, P5o~ P57, P69~ P67, P79~P77, 


P8o~ P87, Xout, E 































Supply voltage 


Vss Supply voltage a ee ee 

Analog supply voltage ee ee ee ee 
High-level input voltage PO0p~P07, P39~P33, P4g~P47, 
P5o~ P57, P6g~ P67, P7o~P77, 
P89~ P87, Xin; RESET, CNVss, 
BYTE 
High-level input voltage P19~P17, P29~P27 

(in single-chip mode) 






























High-level input voltage P1ip~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 
Low-level input voltage POp~P07, P3p~P33, P4p~P4z, 
P59~P57, P6o~P6r, P7o~P77, 
P89~P8,, Xin, RESET, CNVss, 
BYTE 
Low-level input voltage P1g~P17, P29~P27 
(in single-chip mode) 

































Low-level input voltage P1p~P17, P29 ~P27 
(in memory expansion mode and 
microprocessor mode) 
High-level peak output current POp~P07, Plio~P17, P29~P27, 
P39~ P33, P4p~P47, P5o~ P57, 
P69~P67, P7>~P77, P89~ P87 
High-level average output current POg~P07, Plo~P17, P29~P27, 
P39~ P33, P4o~ P4,, P5o~ P57, 
P69~P67, P79>~P77, P89~P87 
Low-level peak output current POg~P07, Plo~P17, P2o~P27, 
P39~P33, P4p~~P47, P5p~P57, 

P6o~P67, P7o~P77, P89~P87 
Low-level average output current POgp~P07, Plo~P17, P29~P27, 
lor¢ avg) P3p~ P33, P49~P4,, P5o~ P57, 
P69~ P67, P7o~ P77, P8~ P87 


| M37702M4AXXXFP, Mg7702s4aFP | || 
(Xin) External clock frequency input 
M37702M4BXXXFP, Ma77o2s4BFP | | 8 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of loi (peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


























lon(avg) 
lot( peak) 
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M37702M4AXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 


| 7 Limits 
Symbol Parameter Test conditions : 


High-level output voltage PQo~PO07, Plqo~P17, P2o~P2z7, 
P3p, P3;, P33, P49~P4,, 
P59~P57, P69~P67, P7>~P77, 
P89~ P87 

High-level output voltage POg~P07, P1g~P17, P29~P27, 
P39, P31, P33 


lox=—1 OmA 





lon=—400uUA 





lox=—1 OmA 
lonp=— 400A 


, = lox=—10mA 
Von High-level output voitage E 
lox= —400uA 


Low-level output voltage POg~PO07, P19 ~P17, P29 ~P27, 
P3o, P3}, P33, P49~ P47, 
Vv loc =10mA 
OL P5)~ P57, P6y~P67, P7p~P77, es 


P8)~ P87 


Low-ievel output voitage POg~P07, Pig~P17, P29~P27, 
Vor lol =2mMA 
P39, P3;, P33 


loL=1 OmA 


lop =2mA 


Vou High-level output voltage P32 














nD 
< < < < < 











| 








VoL Low-level output voltage P3, 





[ loL=1 OmA 





VoL Low-level output voltage E 


cen) 
BSS 


lol =2mA 





Hysteresis HOLD, RDY, TAOiIN~TA4in, TBO w~TB2n, 
Vr4+—Vr— 


Hysteresis RESET 


Vr+—Vr— | Hysteresis Xin 
High-level input current POg~P07, P19~P17, P29~P27, 
P39~P33, P4g~P47, P59~P57, 
P69~P67, P7o>~P77, P89~P8, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POg~P07, P19~P17, P29~P27, 
P3o9~ P33, P49~P47, P5o~P57, 
P69~ P67, P790~P77, P89~P8;, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 








Sn : 
ol wlio} 





i 
> 


oO = . ol 














f( Xin) =16MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 


are Vss during reset. | 7,=85'°C when clock 


is stopped. 


3 


is 


Power supply current 


x 

















A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) 


mt Limits 
Symbol . Parameter Test conditions 





Resolution 





Absolute accuracy Vrer= Voc 








Ladder resistance Vrer= Voc 











Conversion time 





Reference voltage 

















Analog input voltage 
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M37702M4BXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 


High-level output voltage PO p~PO07, Pip~P17, P29~P27, 
P3p, P3), P33, P49~ P47, 
V lon=—10mA 
ne P5q~P5z, P6y~P67, P7>~P77, | ; 
P89~ P87. 
High-level output voltage PO9~P07, Pip~P17, P29~P27, 
lonp=—400 uA : 
; lon=— 10mA Om (ae 
Vou High-level output voltage P3. on | 31 | ee V 
2 lon=—10mA a4] | 
Von High-level output voltage E i 34 


Low-level output voltage P09~P07, P19~P17, P29~P27, 
P3o, P31, P33, P4g~P4z, 
P5o~ P5y, P69~ P67, P7o~ P77, 
P85~ P87 


Low-level output voltage PO9~P07, P19~P17, P29~P2;, 
lop=2mA 
P3o, P31, P33 


Vv Low-level output voltage P3 

ees eel 
Vo. Low-level output voltage E | 

Hysteresis RESET 


je High-level input current P0>~PO07, P1p~P17, P2y>~P2z, 


P39~ P33, P4)~P4,, P5o~ P57, 
Ta=25C when clock 
is stopped 
a 


P69~ P67, P7 9~P7y7, P8 9~ P8;, 
loc 
Ta=85C when clock 
is stopped. 


Xin, RESET, CNVgg, BYTE 
A-D CONVERTER CHARACTERISTICS (Vec=5V, Vgs=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 


Low-level input current POg~P07, Pig~P17, P29~P27, 
pall penis | Min, 
: ty. [Max 


P39~ P33, P4p~ P4,, P5o~ P57, 

P69~ P6,, P7 9~ P77, P89~ P87, 

Xin, RESET, CNVgs, BYTE 
[= [Resoution —CC—“‘“‘*S*™*™*™*~d:=C“‘C#N”#N#C#SC“‘C(N’WW“‘NN’N:S“SCWY’'CSd 
Conversion time 2 
Reference voltage 
Analog input voltage 




















“Voit 















lop=2mA 







































When clock is stopped. 


f( Xin) =25MHz, 
square waveform 






RAM hold voltage 








In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset. 













Power supply current 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25, unless otherwise noted) 
External clock input 


Limits 
Symbol Parameter 





External clock input cycle time 





External clock input high-level pulse width 








External clock input low-level pulse width 








External clock rise time 














External clock fall time 


Single-chip mode 


Parameter 


Port PO input setup time 










Symbol 





tsu(pop—e) 













tsu(p1D—e) Port P1 input setup time 





tsu(p2p—e) Port P2 input setup time 














Port P3 input setup time 


tsu(paD—e) Port P4 input setup time 
tsu(psp—e) Port P5 input setup time | 100 | | 
tsu(p6ep—e) Port P6 input setup time 


th(e—Popb) Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
th(e—p3p) Port P3 input hold time 
th(e—pap) Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 


tsu( P3D—E) 




















th(e—p1b) 





th(e—p2p) 















th(e—psp) 











th(e—pep) 





th(e—p7p) 





th(e—psp) 


Memory expansion mode and microprocessor mode 


Symbol Parameter 





tsu(P1D—e) Port P1 input setup time 
tsu(p2D—E) Port P2 input setup time 





tsu(RDY—¢;) RDY input setup time 60 
th(e—Pp1pb) Port P1 input hold time 

thi e—p2p) Port P2 input hold time 0 
thig,—rpy) | RDY input hold time 0 


th(¢,—Hotp) | HOLD input hold time =a 
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Timer A input (Count input in event counter mode) 


Symbol 


TAiy input cycle time 25 
TAiy input high-level pulse width 
TAin input low-level pulse width 








Parameter 












Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAiy input high-level pulse width 


tw(TAL) TAiiy input low-level pulse width — 

















Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 


TAiy input cycle time 
TAiyy input high-level pulse width 
TAin input low-level pulse width 








Timer A input (External trigger input in pulse width modulation mode) 


Limits 





Parameter 
















tw(taH) TAiin input high-level pulse width 














tw(TAL) TAiy input low-level pulse width 













Timer A input (Up-down input in event counter mode) 


Symbol 
Min. 


| Max. [| Min. | Max. 
rm 
Ttweupm | TAiour input high-level pulse width ———SSSCS™~—~Ss*~—SsS~S~S «Ci | _—_—~*—«000 
twiuPL) ee eae rrr ee er 
tsu(uP-ty) TAiout input setup time | 500 | | 400 | | ns | 
| thiry-uey | TAiourinputholdtime 8 | | ss 


Parameter 
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Timer B input (Count input in event counter mode) 


Limits 
Symbol! Parameter 16MHz 25MHz Unit 


Max. Min. Max. 
TBiy input cycle time (one edge count) 125 80 
TBijy input high-level pulse width (one edge count a ee ee 













i ) 
TBiy input low-level pulse width (one edge count) 62 
TBiy input cycle time (both edges count) 
TBijy input high-level pulse width (both edges count) 






125 





NO 
oi fo?) 
Oo RN 








TBiy input low-level pulse width (both edges count) 125 fT 80 | 


Timer B input (Pulse period measurement mode) 










16MHz 25MHz Unit 


320 


Min. 
500 
250 160 
250 
Timer B input (Pulse width measurement mode) 


160 
Limits 
Symbol Parameter 


TBijy input cycle time 
TBiwy input high-level pulse width 
TBiwy input low-level pulse width 


A-D trigger input 


Limits 
Symbol Parameter 


ADrac input cycle time (minimum allowable trigger) 
ADtrg input low-level pulse width 


Serial I/O 


Symbol Parameter 


CLKj input cycle time 

CLKj input high-level pulse width 
CLKj input low-level pulse width 
TxD; output delay time 

TxD) hold time 

RxDj input setup time 

RxDj input hold time 


External interrupt INTj input 


Symbol Parameter 


INT; input high-level pulse width 
INT; input low-level pulse width 





Symbol Parameter 

























tc(tB) TBiiy input cycle time 











tw(tBH) TBiiy input high-level pulse width 














TBin input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 


Single-chip mode 
Limits 
Symbol Parameter Test conditions 16MHz 25MHz Unit 
Port P3 data output delay time 
Port P4 data output delay time Fig. 2 









td(e—poa) Port PO data output delay time 





Port P1 data output delay time 
Port P2 data output delay time 


td(e—P1a) 








td(eE—p2aq) 





td(e—psa) 





td(e—p4aq) 


td(e—psa) Port P5 data output delay time 








Port P6 data output delay time 


com) 


td(e—P6a) 


—t | ot 
Oo!|o 
oO 





td(e—p7aq) Port P7 data output delay time 


td(e— 





Port P8 data output delay time 


P8Q) 




















_ Memory expansion mode and microprocessor mode (when wait bit = "1”) 


Limits 
Symbol i Parameter Test conditions 16MHz 
Min. 


Port PO address output delay time 0 
: 
a 


td(e—p2a0) Port P2 data output delay time 


texz(E__p2z) | Port P2 floating start delay time 7 


Port P2 address output delay time 
Port P2 address output delay time 
HLDA output delay time . | 
ALE output delay time — Ss 
ALE pulse width 

BHE output delay time Fig. 2 
R/W output delay time ' 
¢, output delay time Or | 
Port PO address hoid time 
Port P1 address hold time (BYTE="L”) | og | 
Port P1 data hold time (BYTE="L”) 
| thce—pia) _ |. Port P1 address hold time (BYTE="H”) 
3 | 


Port P2 floating release delay time 
BHE hold time 







Unit 





e 


oh 


woh _ 
O11) RO OT} RO 


2 





NO | Ww 

zee 
| ~S ~s 
C1) © ore) 


W | Ww 
oO; 

NO 1S) 
NN 


> 
o1 





Ww 
8 


NO 
> 








gi 
8 





W 
© 


nN 
O;1o 


2» 
or 


NO} NM {RO 
or; O11 01 












R/W hold time 
E pulse width 





50 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Symbol Parameter 















Test conditions Unit 


WwW 
io) 





~S 
Oo 


NO 
> 


NN 
So 
pS 
on 





td(p2a—e) 
td(p2a—ALe) 









Port P2 floating start delay time 


Port P2 address output delay time 


Ww 









Port P2 address output delay time 






ine) 
> 


















































t 
Oo 
O;O;R O1 {PO o1) PR RO 
> 
oO oy; oO 
























th(aLe—p2a) 
th(e—p2a) 


tezx(E—P2z) 


td(¢,—HLDA) HLDA output delay time | | 50 50 
ALE output delay time a ee 

toitawes ALE pulse width 35 a 

td( BHE—E) BHE output delay time oa 

td(R/w—e) | p/w output delay time rig.e 30 fee. | 

td(e—¢,) $1 output delay time | as SS 18 

th(e=RoAd Port PO address hold time 25 ee eee 

thcace—pia) | Port P1 address hold time (BYTE=“L”) | 9 Ff ll Tl 

thie_p1q) | Port P1 data hold time (BYTE="L”) 25 a Te 
Port P1 floating release delay time (BYTE=“L”) | 18 || 

thie_pia) | Port P1 address hold time (BYTE=“H”) 25 











Port P2 address hold time 
Port P2 data hold time 


Port P2 floating release delay time 








th( e—BHE) 





Nm 
n 


25 





BHE hold time 








th(e—r/w) 





R/W hold time 











E pulse width 








18 





_ 
© 
Po ee 9 
Oo} 0 | 0 

















220 


—— 
Ww 
© 








Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 
Single-chip mode 


(Xin) 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input ~ 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 output 


Port P5 input 


Port P6: output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 
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nae ra Wa 


mg td(e—-Poq) 

X 
tsu(poo—e) 

Ry 

thie—pop) 

mie tdie—p1q) 

BD, 
tsu(p1D—E) I 

ise thie—pip) 

nag td(e—p2q) 

X 
tsu(p2D—-) pail 

a) thie—pep) 

ay tdie—p3q) 

X 
tsu(e30—-e) _— 

| thie—p3p) 

ra tdie—paaq) 
tsu(pao—e) peal 

ae thie—pap) 

ay tdie—psa) 

X 
tsu(psp—e) — 

thie—psp) 

rang td(e—p6q) 

X 
tsu(peo—e) perme 

Pe th(e—P6p) 

Baal tdie- 7a) 

X 
tsu(p7D—E) pan : 

_ thie—p7p) 

ey td(e—psa) 
tsu:pao-e. aaa! 

ey thie—pao 
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toita) 


TAiw input 





TAiour input 





tw(uPL) 






TAiour input 
(Up-down input) 


In Event counter mode 


TAiin input 
(When count by falling) thityy—ue)| tsu(uP—Tyy) 


| 


TAin input 
(When count by rising) 


te(tB) 


TBiy input 





te(ao) 
| twiadv) 





ADrrc input 
teick) 
tdic—a) 
tsu(o—c) thic—p) 
| pclae 
RxDj 


twi INL: 


INT; input 
tw INH 





MITSUBISHI MICROCOMPUTERS 


ned Sn en nner | M37702M4BXXXFP 
| M37702S4AFP, M37702S4BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


RDY input 


tsu(rpy—¢,)}  th(¢1—RDy) 


(When wait bit = “0”) 


$y 


RDY input 


tsu(Roy—¢,)| thi ¢1—rpy) 


(When wait bit = “1” or “O” in common) 


dy 


thi ¢;—HOLD) 


tsu(HoLD-— 4,) 


HOLD input 







td(¢;—HLDA) td(¢,-HLDA) 


HLDA output 


Test conditions 
Voc = 5V+10% 
* Input timing voltage: Vi. = 1. 0V, Vin = 4. 0V 
- Output timing voltage : Vo. = 0. 8V, Vou = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


tf tr tc 
two) twin) 


? 
tdte- 9) tdie—¢,) 
E 


Port PO output 








(Ap~A?) 
tezx(e—P12z) 

Port P1 output Address 
(Ag~A15/Dg~Di5) 
(BYTE=“L") 
Port P1 output 
(Ag~Ais5) 
(BYTE="H") thi e—pip) 
Port P1 input 
Pa ss aD, ca eee “se 
(Aye~Az3/Do~07) tsu(p20—e) 

td(p2a—ALe) —+- thi e—p2p) 
Port P2 input 

twiALe) 
tdiace—e) 


Port P3. output | 


(ALE) 
TSS | Baki 
(BHE) 


tdir/w—e) 


thie—a/w) 
Port P3p output 
(R/W) 

Test conditions 

*Voc= 5 Vt10% 

* Output timing voltage : Vo, =0. 8V, Voy=2. OV 

* Port P1, P2 input : Vii =0. BV, Vin=2. 5V 











MITSUBISHI MICROCOMPUTERS 


M37702M4AXXXFP,M37702M4BXXXFP 


M37702S4AFP,M37702S4BFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 


f(Xin) v 


E 
td(poa—e) 
a 
oe ( DG, 
(Ag~Az) 
th(aLe—P1A) S| ial = pecaigall ae tezx(e—P1z) 
| addr Address | 


Port P1 output | 
(BYTE="L”) —o 


t = 
oes panies d(p1a—€) 


ai 





Port P1 output 
(BYTE=“H”") 


th(aLe—p2a) B tpzx(e—P2z) 
Port P2 output hed 


th(e—P1p) 









td(p2a—ALe) 
Port P2 input 
tW(ALe) 


Port P32 output 
(ALE) 


Port P3, output ae 


(BHE) 


tdi r/w-e) 


thie— Rw) 


Port P3, output 
(R/W) 


Test conditions 

* Vec= 5 V+10% 

* Output timing voltage > Vo_=0. 8V, Von=2. OV 
- Ports P1,P2 input =: V,,=0. 8V, Viy=2.5V 
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DESCRIPTION 

The M37702M4EXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The strong point of the M37702M4EXXXFP is the wide 
operating temperature range. 


ee FEATURES 


Number of basic instructions Poem mer m ers wre ere se een eeeeeereees 103 

i) Memory size ROM Pere err er ee re eee rr 32K bytes 
RAM oo Siw wns Se eve Bielete!$ 9 6%. te sein Soler sie eye 2048 bytes 

® Instruction execution time 

The fastest instruction at 16 MHz frequency -:::::-: 250ns 

Single power supply Was e ala dein Sine bia ele Sales Sa ne ateidinre ele wane 5VE10% 

Low power dissipation (At 16 MHz frequency) 

ssa 2ehatiedarataveea:diaiety Sou nip iaterast’ ei ated hallere aye Sel Olata a cia syows aie Andudrater Sg wracale as 6O0mW (Typ.) 
@ Wide operating temperature range::-:---------: —40~85C 
@ Interrupts aide se Ciel Ow Sot"aile oto sere, wate eceeate s Wieve ele) Scale sie taelece, 19 types 7 levels 
@ Multiple function 16-bit timer ----1- eer 5-3 
@ UART (may also be synchronous) iiss sere eennseiesese weeks y) 
@ 8-bit A-D Converter ---::r-1rtrrrtrrtreree 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) <r 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 





PIN CONFIGURATION (TOP VIEW) 


P67/TB2\y +> 


P6;/TBOy +> [4] 
P6,/INT> +> [5] 
P6,/INT, ++ [6 
P65/INTy +> 

P6,/TA4y + [8] 


P5</TA2Qiy + 
P5,/TA2our + 
P53/TAtin 
P5./TAlour 
P5,/TAQ\ + 
P59/TAQour +> 
P4,/DBC* ++ 
P4,/VPA* +> 
P4./VDA* +> 
P4,/QCL* +> 
P4,/MX* <> 
P4o/o, +> 
P4,/RDY +> 
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ISiee P7,/AN, 
+> P7>6/AN5 
+ P77/AN7/ADtre 


d4aXXXAavNcOZZEWn 


Ww 
Ea 
Ww 
& 
Ww 
on 
Ww 
S| 
[Si 
~~ 
Ww 
oo 
w 
wo 


P33/HLDA +> 
P32/ALE + 
P3,/BHE <> 
P39/R/W + 

P27/A23/D7 ad 

P24/A29/D4 + [3] 


P26/A22/Deg + 
P2s5/Ao1/D5 +> 


Outline 80P6N-A 


*: Used in the evaluation chip mode only 


+> P8-/CLK, 
+> P8,_/RxD, 
+> P8,/T,D; 
oad P0o/Ao 

— PQ,/A, 

+> PO,/A, 

+> P0)s/Ag 

+> P04/A, 

+> P0</As 

+> P06/Ag 

+> P07/A7 

++ Pio/Ag/Dz 
+> P14/Ao/Do 
+> Pt>/Aio/Dao 
> Pia/Ays/Dis 
+ P14/Aj/D42 
> P1s/Ay/Di3 
> Plo/Ara/Dia 
+> Pt-/Aye/Das 
+> P2o/Arg/Do 
+> P2,/A,7/D, 
+> P2,/Ayg/D> 
++ P25/Ayg/Ds 
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(8)49HeAU0D G-y (6)0 LYVN (91)OBL sow, (91 )OVL 4OWIL 
(6)4 LYW/N (91) La 2OWLL (QL) EWL sours sevkg 8r02 saikg Ze 
| WV WOU 
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(OL) PVL 40) 
























Data Bus( Even) 
“Data Bus(Odd) 
Address Bus 













) 


8 











( 


Data Buffer DB, (8) 
Incrementer (24) 
Program Bank Register PG(8) 
Data Bank Register DT(8) 
Input Buffer Register 1B(16) 
Stack Pointer S(16) 
Index Register Y(16) 
Index Register X(16) 
Arithmetic Logic 
Unit(16) 





Data Buffer DB, 


Instruction Queue Buffer Qo(8) 
Instruction Queue Buffer Q1(8) 
Instruction Queue Buffer Q2(8) 
Program Address Register PA(24) 
Data Address Register DA(24) 
Incrementer/Decrementer (24) 
Program Counter PC(16) 
Processor Status Register PS(11) 
Direct Page Register DPR(16) 


Accumulator B(16) 
| Accumulator A(16) 


49)S169y uONONASU; 





a Se Se a eee es | es ae Cee Sen nee See 
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FUNCTIONS OF M37702M4EXXXFP 


Instruction execution time 250ns (the fastest instruction at external clock 16MHz frequency) 


: ROM 32K bytes 
Memory size 
RAM 2048 bytes 
PO~P2, P4~P8 8 -bitX 8 
Input/Output ports 
P3 4 -bitX 1 
16-bitX 5 
16-bitX 3 
(UART or clock synchronous serial |/O) X2 
8 -bitX 1 (8 channels) 
12-bitX 1 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 



































TAO, TA1, TA2, TA3, TA4 
TBO, TB1, TB2 





Multi-function timers 











Serial {/O 
A-D converter 




























Watchdog timer 













Interrupts 


















Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 
60mW(at external clock 16MHz frequency) 


Clock generating circuit 








Supply voltage 











Power dissipation 


oxi Input/Output voltage 
Input/Output characteristic 
Output current 
Memory expansion Maximum 16M bytes 
Operating temperature range —40~85 


Device structure CMOS high-performance silicon gate process 
80-pin plastic molded QFP 
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PIN DESCRIPTION 





8) 
m 
” 
m 
+ 





Xin Clock input Input 
Enable output Output 


Xout Clock output 


BYTE 





AVcc, AVss 





Reset input 





Bus width selection input 


Analog supply input 


Input 


Voc, Vss. Power supply 
CNVss 


Supply 5 V+10% to Vcc and 0 V to Vgs. 
This pin controls the processor mode. Connect to Vss for single-chip mode. 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xin. pin 
and the Xour pin should be left open. 












Data or instruction read and data write are performed when output from this pin is “L”. 








In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 












Power supply for the A-D converter. Connect AVcc to Vcc and AVsgsg to Vsg externally. 


VREF Reference voltage input Input This is reference voltage input pin for the A-D converter. 


POo~P07 1/O port PO 1/0 





P19~P17 I/O port P1 1/0 
P29~P27 I/O port P2 1/0 
P39>~P33 | 1/0 port P3 1/0 
P4)~P4, | 1/0 port P4 1/0 
P59~P57 1/0 port P5 
P6o~P6; | 1/0 port PE 
P7)~P77 


P89~ P87 








I/O port P7 
1/O port P8 





In single-chip mode, port PO becomes an 8-bit |/O port. An 1/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A,5~Ag)is output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Dg) is input or output when E output is “L” and an address(Ag3~ Aj) is 
output when E output is “H”. 





In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- . 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4y) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P4. can be program- 
med for ¢, output pin divided the clock to Xin pin by 2. In microprocessor mode, P4, always has the func- 
tion as ¢; output pin. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
‘pins for timer A4, external interrupt input INTo, INT;, and INT, pins, and input pins for timer BO, timer Bt, 
and timer B2. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS DATA REQUIRED FOR MASK ORDERING 
The M37702M4EXXXFP has the same functions as the Please send the following data for mask orders. 
M37702M2BXXXFP except for the following: (1) M37702M4EXXXFP mask ROM order confirmation form 
(1) The ROM size is 32K bytes. (2) 80P6N mark specification form 

(2) The RAM size is 2048 bytes. (3) ROM data (EPROM 38 sets) 


Therefore, refer to the section on the M37702M2BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


ADDRESSING MODES 

The M37702M4EXXXFP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702M4EXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


0000001. 0000001. 
00007 Fi¢ 
0000801. 


Internal RAM Peripheral devices 
2048 bytes control registers 


OOFFFFi¢ 


010000). 
00087F,, 





O1FFFFi¢ 





interrupt vector table 


UARTO receive 
Timer B2 
Timer BO 


FE0000\¢ Internal ROM Timer A4 
Timer A3 


SchOyes Timer A2 
— | 
FFO000;6 








T 
T 
Watchdog timer 
DBC 
BRK instruction 


\ 


FF \ 
PaliCrnts OOFFD6 ic \ a 








PEEEEP OOFFFFi¢ 





Fig. 1 Memory map 
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ABSOLUTE MAXIMUM RATINGS 


AVcc _| Analog supply voltage eee oe ee 
P89~ P87, Xour, E 


V, —0. 3~12 
Pa [Powerdissisaion SS SSOSCS~«~r QE 300 


fees weenie eee) 
rt 
Operating temperature 


—0O,. 3~Voc +0. 3 
Storage temperature 


















input voltage RESET, CNVss, BYTE , 
Input voltage PQg~P07, P1p~P17, P29~P27, P39 ~P33, 
P49~P47, P5p~P57, P6p~P67, P79 ~P77, 
P89~ P87, Vrer, Xin 
Output voltage PO9~P07, Pigp~P17, P29~P27, P39~P33, 

P49~P47, PSp~P57, P69~P67, P79 ~P77, 














V 








RECOMMENDED OPERATING CONDITIONS (Voc=5V+10%, Ta=—40~85, unless otherwise noted) 


Symbol Parameter 
smh | Param Typ. — 


Voc Supply voltage 4.5 5.0 5.5 
| Vcc ___| Supplyvoltage CC“ tssisT:Ci S| CO | 8S 
Vss 















High-level input voltage PQ9~P07, P39~P33, P4p~P4z, 
P5o~ P57, P69~P6,, P79~P77, 
P89~P8,, XIN, RESET, CNVss, 
BYTE 


High-level input voltage P19~P17, P29~P27 eo 7 
(in single-chip mode) ee eee cc 


High-level input voltage P19~P17, P29>~P27 

(in memory expansion mode and 

microprocessor mode) 

Low-level input voltage POo~P07, P39~P33, P4p~P47, 
P5o~P57, P6o~ P67, P7>~P77, 
P89~P8;7, Xin, RESET, CNVgzg, 
BYTE 



















Low-level input voltage P19p~P17, P29~P27 
(in single-chip mode) 


Vin 
Vin 
Low-level input voltage P19~P17, P29~P27 
Vir (in memory expansion mode and 0 0.16Voc V 
microprocessor mode) 
High-level peak output current P0o~P07, Plp~P17, P2p~P27, 
P3o9~ P33, P4g~P47, P59~ P57, —10 mA 
P69~P67, P79>~P77, P89~ P87 


High-level average output current POg~P07, P19~P17, P29~P27, 
P39~P33, P4p~P47, P5p~P5z, —5 mA 
_ P6p~P67, P7o>~P77, P89~ P87 
Low-level peak output current POg~P07, P1o~P17, P29~P27, 


P3o9~ P33, P4o~ P4,, P5o~ P57, 
P6)~P67, P7>~P77, P89~P87 
Low-level average output current POg~PO7, P19~P17, P29~P27, 
lot( avg) P39~P33, P49~P47, P5o~P5y, 
P69~P67, P7o9~P77, P89~P8, 
f( Xin) 
Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 

the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


































External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)==16MHz, unless otherwise noted) 





Parameter Test conditions 








High-level output voltage PQ9>~PO07, Pl9~P17, P29~P27, 
P35, P3;, P33, P49~P4,, 
P59~ P57, P69~ P67, P79~P77, 
P8o~ P87 


High-level output voltage POQ9~P07, P19~P17, P29~P27, cidenora 
P39, P3,, P33 of e 


lou= —10mA 


lon= —10mA 





High-level output voltage P3, 


High-level output voltage E 
2 P Y lon=— 400 uA 


Low-level output voltage PO p~P0;, Plo~P17, P29~P2,, 
P39, P31, P33, P4g~P4;, 
P5g~P57, P6g~P67, P79 ~P77, 
P8 9~ P87 

Low-level output voltage PO 9~P07, P19~P17, P29~P2,, 
P39, P3,, P33 











loL=10mA 























loL=10mA 
lop =2mA 
lop =10mA 


lop=2mA 





Low-level output voltage P3, 

















Low-level output voltage E 








Hysteresis HOLD, RDY, TAQ w~TA4in, TBON~TB2in, 
INTo~INT2, ADtag, CTSo, CTS1, CLKo, CLK, 

Hysteresis RESET 

Hysteresis Xin 

High-level input current POQg~P07, Plo~P17, P29~P27, 
P39~P33, P49~P47, P59~P57, 
P69~P67, P7>~P77, P89 ~P87, 
Xin, RESET, CNVss, BYTE 

Low-level input current POo~PO7, P19~P17, P29~P27, 
P39~P33, P49~P47, P59~P5z, 
P69~P67, P79>~P77, P89~P8;, 
Xin, RESET, CNVgs, BYTE 

| RAM hold voltage When clock is stopped. 



































{(Xin) =16MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 


are Vss during reset. Ta=85C when clock 


is stopped. 





Power supply current 



















Test conditions 


Vrer= Voc 










Absolute accuracy Vrer= Voc 








Ladder resistance Vrer= Voc 
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TIMING REQUIREMENTS (vVcc=5V+10%, Vss=0V, Ta=25, f(Xin) =16MHz, unless otherwise noted) 
External clock input 










Symbol Parameter 








External clock input cycle time 


tw(H) External clock input high-level pulse width . 
twiL) External clock input low-level pulse width 
External clock rise time bal 


tf External clock fall time 








> 


Single-chip mode 


Symbol | Parameter 





tsu(PoD—e) Port PO input setup time 
tsu(p1D—e) Port P1 input setup time ns 


tsu(p2D—e) Port P2 input setup time 
tsu(p3sp—e) Port P3 input setup time 


tsu(p4aD—e) Port P4 input setup time 








tsu(epsp—e) Port P5 input setup time 


tsu(p6ep—e) Port P6 input setup time 
tsu(p7D—e) Port P7 input setup time 


th( e—ps3p) Port P3 input hold time 


th(e—pap) Port P4 input hold time 


th(e—psp) Port P5 input hold time 





th(e—pep) Port P6 input hold time 











th(e—p7pD) Port P7 input hold time 








th(e—pspb) Port P8 input hold time 





Memory expansion mode and microprocessor mode 


Parameter 


tsu(p1p—e) Port P1 input setup time 
tsu(p2D—e) Port P2 input setup time 





tsu(apy—¢,) | RDY input setup time 








tsu(HoLp—¢,) | HOLD input setup time 


th(e—Pp1bD) Port P1 input hold time 


th(e—pe2d) Port P2 input hold time 


RDY input hold time 
HOLD input hold time 
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Timer A input (Count input in event counter mode) 


TAiy input cycle time 


TAiy input high-level pulse width 
TAiy input low-level pulse width 
Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAiy input cycle time 
TAiy input high-level pulse width 
TAiwy input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 
te(ta) TAin input cycle time 


TAiwy input high-level pulse width 
































Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 


TAiiy input high-level pulse width 
125 






TAiiy input low-level pulse width 


Timer A input (Up-down input in event counter mode) 


ae 
arameter Min. | ni 
TAiout input cycle time 2500 











tw(uPL) TAiout input low-level pulse width 








tsu(up-t D TAiout input setup time 














| Max. | 
a 
twig) TAiour input high-level pulse width aa 
eet 
oes 
Pam od 


TAiourt input hold time 
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Timer B input (Count input in event counter mode) 


TBiin input cycle time (one edge count) 
TBijy input low-level pulse width (one edge count) 
TBijy input cycle time (both edges count) 























— jt | AO — 
NEN | O71) 010} N 
O11 01}; OO; PM] Ph] oO 


Timer B input (Pulse period measurement mode) 


0 arameter win] 









TBiy input cycle time 500 | | 
TBiy input high-level pulse width 250 ii 
TBijy input low-level pulse width 250 eal 











Timer B input (Pulse width measurement mode) 


pai ram ee ia 


Tiny input cycle time 800 | | ns 
TBijy input high-level pulse width oso ome | 





N | oO 
oO;o 





TBiy input low-level pulse width 5 





N 
op) 


A-D trigger input 


ympo arameter hin, | 


ADtrg input cycle time (minimum allowable trigger) 1000 P| 
tw(ADL) AD+re input low-level pulse width 125 aaa 











Serial I/O . ; 


: 
5 


CLK; input cycle time | 20 | | ns | 
CLK; input high-level pulse width 











TxDj hold time ae 
RxDj input setup time 
RxDj input hold time 


External interrupt INTj input 


Symbol Parameter 


INT; input high-level pulse width 


twiINL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xiy)=16MHz, unless otherwise noted) 


Single-chip mode 


Symbol Parameter Test conditions 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time 








Port P3 data output delay time 


td(e—p4aq) Port P4 data output delay time 








td(e—psa) Port P5 data output delay time 


Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 











Memory expansion mode and microprocessor mode (when wait bit = “1") 


td(poa—e) 
td(e—p1aQ) 
tpxZ(e—P1z) 
td(p1a—e) 
td(P1A—ALe) 
td(e—p2aq) 
tpxZ(e—p2z) 
td(p2a—e) 
td(p2a—ALe) 
td(¢;—HLDA) 
td(aLe—e) 
tWw(aLe) 
td(BHE—E) 


tdi r/w—e) 





Parameter 





Port PO address output delay time 





Port P1 data output delay time (BYTE=“L”) 





Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

Port P2 address output delay time 

HLDA output delay time 

ALE output delay time 

ALE pulse width 








BHE output delay time 








R/W output delay time 





Test conditions 


aaa ey 





td(e—¢,) ¢?, output delay time 

th(e—Poa) Port PO address hold time 

th(ace—p1a) | Port P1 address hold time (BYTE=“L”) 
th(e—p1Q) Port P1 data hold time (BYTE=“L”) 
tpzx(e—p1z) | Port P1 floating release delay time (BYTE=“L”) 
th(e—p1a) Port P1 address hold time (BYTE=“H”) 
th(aLe—p2a) | Port P2 address hold time 


Port P2 data hold time 

Port P2 floating release delay time 
BHE hold time 

R/W hold time 
































ice) WIN N1}@1R N Wi Ww] w RO | @ NO} Ww WwW 
o opm) Ai Om;o ol oO;}oi;on >| oO . ae) io) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Port P1 floating start delay time (BYTE="L”) 
Port P1 address output delay time 
Port P2 floating start delay time 

E) 

E) 








, Limits 
Unit 







ro) 
= 
~ 
el ° 





; 


n 













RO | W 
~ 


Port P2 data output delay time 












: 


¢, output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

E pulse width 





NO | @ 
&1O 
gl 


W1W | ® 
oO;oin 


NO} WN N 
aio; an O11) © > 
NO 














WIN 
ao 









NO 
NO — —t 








Fig. 2 Testing circuit for ports PO~P8, 4, 
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TIMING DIAGRAM tr r 
Single-chip mode 





f( Xin) 
E _— eee tt—“‘O™OSCSC;C;™ 
ang td(e—poa) 
Port PO output |X 
tsu(poo—e) 
Port PO input A thi e—pop) 
niaig td(e—P1a) 
Port P1 output x 
tsu(eiD—e) 
—— 
Port P1 input J thie—pip) 
eg tdie-p2q) 
Port P2 output X 
tsu(p20-e) 
ae 
Port P2 input es thie—p2o) 
nay tdie—P3q) 
Port P3 output Xx 
tsu(p30—e) — 
Port P3 input i) thie—P30) 
ay tdie—paaq) 
Port P4 output Xx 
tsu(pap—e) |— 
Port P4 input ie thie—pap) 
Iai td(e—Psq) 
Port PS output _X 
tsu(psp—e) 4 
Port P5 input > thie-Pso) 
ned tdie—pea) 
Port P6 output |X 
tsu(peo—e) pas 
. 
Port P6 input re thie—pep) 
nag tdie—p7a) 
Port P7 output Xx 
tsu(p70—e) pps 
Port P7 input Pg 
i h(€—Pp7p) 
ay td(e—psaq) 
Port P8 output iB. 
tsu(psp—e) peel 
Port P8 input fe) thi e—psp) 
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te(ta) 





TAiiw input 


tox UP) 


TAiour input 








TAiour input 
(Up-down input) 


In Event counter mode 


TAin input 
(When count by falling) thit,y—uP)| tsu(uP—tyy) 

Ey tas) UE ee 
(When count by rising) . 


tectB) 







tworeH) 


TBiw input 


te(ad) 






twianv) 


ADrac input 


teick) 


twickH) 


CLKj 
eee 
tsu(p—c) thic—p) | 
a 
RxDj 


INT; input 
twink) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


py 


RDY input 


(When wait bit = “0”) 


$; 


mi 
~ 


RDY input 


tsucroy—¢,)} thi ¢;—Rby) 


(When wait bit = “1” or “0” in common) 


$y 


thi g,—HOLD) 


tsu(HoLD— 44) 


HOLD input 






td(¢)—HLDA) td(4,-HLDA) 





HLDA output 


Test conditions 

*Vec= 5 V+10% 

- Input timing voltage © V;_=1. OV, Vin=4. OV 

* Output timing voltage > Vo, =0. 8V, Voy=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


(Xin) 





; 


tdie—¢,) 


tdie—9;) 


mi 


tw(eL) 


be ee ey 
(Ap~A?) 


| 


es 










) 
ee LY texz(e—P1z) tpex(e—Piz) 
ret oo aS nie | Yp====- {sis 
Ae Bic/ De Di) val pares 
(BYTE="L") td(P1a—ALE) 
, td(p1a—E) 
ee 
ra ote | 
(Ag~A5) 
(BYTE=“H") — th(e—P1D) 
Port P1 input 
thiaLe—p2a) p tpxz(E—p 2z) tpzx(E—p2z) 
3 bias | my 
aire 1), DD eee = 
(Ate~Azs/Do~Dr) Te _tdteene) . 
td(e—p2a) -—+— Ni e€—P20) 
Port P2 input 


twiace) 
tdiace—e) 
Port P32 output 
(ALE) 


td(sHe—e) al th(e—BHE) 
sea aadea rn ie) Gee eee 
(BHE) 

tdi awe) thie—r/w) 


Port P39 output 
(R/W) 
Test conditions 
*Voec= 5 Vt10% 
* Output timing voltage ° Vo, =0. BV, Voy=2. OV 
* Ports P1,P2 input » Vip =0. 8V, Viy=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
f( Xin) ‘ 
> | 
tdie-4,) l 2 
= t (EL) (E44 
= W(EL 


Soe eel 


Port PO output 



















(Ag~Az) 
_ tezx(——P1z) 
; N(ALe— P1A) 
(Ag~Ai5/Dg~Di5) Address (data | --- Address 
(BYTE="L") =), 
tdie—Pp1a) 
(P1A—ALE ) 
thi e—p1a) 
Port P1 output a pa 
eas Cheep 
(BYTE=“H") 
— h(e€—-P1p) 
Port P1 input 
th(ace—p2a) yee a (E—P2z) tezx(e—P2z) 
Port P2 output 
(Aig~Az3/Do~D7) Saeed j= hes “= - a< Sess ese Address 
Su(P20—E) 
er ae E) = th(e—P2p) 
d(P2a— ALE) 
Port P2 input 
si 
tdi ace—e) 
Port P32 output 
(ALE) 
— E) 
h(e— BHE) 
(BHE) 
tdipyw-e) 
th(e—rw) 
Port P3o output 
(R/W) 
Test conditions 
cc 5 V+t10% 
* Output timing voltage ° Vo. =0. BV, Von=2. OV 
* Ports P1, P2 input ; ViL=0. 8V, Vin=a2. 5V 
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DESCRIPTION 

The M37702M4LXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The strong point of the M37702M4LXXXFP is the low supp- 
ly voltage. 


DISTINCTIVE FEATURES 


@ Number of basic instructionS:::::::7e: srt et eee 103 
@® Memory size =1@) \, eee 32K bytes 
RAM <ireeeeeeee settee eens eee ee ences 2048 bytes 

@® Instruction execution time 

The fastest instruction at 8 MHz frequency °-:::-::-: 500ns 
e Single low supply 70) 1¢-\0|- or 2.7~5.5V 
@ Low power dissipation | 

(At 3V supply voltage, 8 MHz frequency) -: 12mW (Typ.) 

(At 5V supply voltage, 8 MHz frequency) -- 30mW (Typ.) 
@ Wide operating temperature range::::::::--:--: —40~85C 
@ Interrupts - re aeeeeaihe Pure ta Nenad 19 types 7 levels 
@ Multiple function 16-bit timer -:---+- ree ce 5+3 
@ UART (may also be synchronous) -*--*:77 sree 2 
@ 8-bit A-D converter --7:7 srr ttre 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sr 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 
Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE | 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 
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PIN CONFIGURATION (TOP VIEW) 








O ° 

c ”) 

é aa 
-nownor ards 
Z2Z22Z22Z222Z22 rl x & 
II<cde<t 4,4, »y |OOKE 
NNN N NON OS ak O nN NNN 
-n7~ nt mo On WH WwW Oorn 
RRNKRNRKR KR O6> c> 0D DDO 
Ooaadaaarvrdt>aetradcad 
fit itt? | P4ao4 
ol [9] a) fra] Fre] 5] fe] [7] fs] 5 























P79/ANo +* (1 64] +> P8,/CTS,/RTS, 
P6,/TB2y, + +> P8./CLK; 


P6_/TB1iy +> 
P65/TBOw +> [4] 
P6,/INT, +> 
P62/INTo +> 
P6,/TA4in +> 18] 
P6,/TA4our +* L2] 
P57/TASy + 10} 
P5¢/TA3qut +> 1 
P5</TA2in > 
P5,/TA2out + 
P53/TA1in + 
P5./TAlout +> 
P5,/TAOw +> Ls] 
P5o/TAQout + 
P4,/DBC* ++ [ia] 
P4,/VPA* ++ [19] 
P4./VDA* ++ 
P4,/QCL* + 
P4,/MX* +> 
P4o/$4 > 
P4,/RDY + 


d4aXXX WWZOLZEW 


+> P23/A49/D3 











Bi BETES G5] ARTE] 
A Ce ae ea a ee 
at gu x 3u ZG azie cod 
Om 2 \w * pUGc sagas 
S Ola SeaglSss 
+ On aaiina 
O. a aaadaa 


Outline 8O0P6N-A 


* : Used in the evaluation chip mode only 
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FUNCTIONS OF M37702M4LXXXFP 


Number of basic instructions 103 
500ns (the fastest instruction at external clock 8MHz frequency) 
32K bytes 
2048 bytes 



















Instruction execution time 



















ROM 

RAM 

PO~P2, P4~P8 

P3 

TAO, TA1, TA2, TAS, TA4 
TBO, TBI, TB2 











Memory size 






























Input/Output ports 












16-bit 5 
16-bitX 3 
(UART or clock synchronous serial I/O) X2 
8 -bitX 1 (8 channels) 
12-bitX 1 
3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 ~ 7.) 








Multi-function timers 




























Serial 1/O 
A-D converter 






























Watchdog timer 
















Interrupts 























Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 
2.7~5. 5V 
12mW(at 3V supply voltage, external clock 8MHz frequency) 


Clock generating circuit 




















Supply voltage 

















Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 


5V 

























Input/Output voltage 











Input/Output characteristic 

















Output current 5mA 
Memory expansion Maximum 16M bytes 
Operating temperature range —40~85°C 





























Device structure CMOS high-performance silicon gate process 


80-pin plastic molded QFP 











Package 
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PIN DESCRIPTION 


eee Os 


Power supply 









CNVss input 


Reset input 





Input/Output 














Functions 





Supply 2. 7~5. 5V to Vec and 0 V to Vgs. 










This pin controls the processor mode. Connect to Vss for single-chip mode. 








To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 








These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xiy and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 




















In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 

















Power supply for the A-D converter. Connect AVcc to Vcc and AVsg to Vss externally. 











This is reference voltage input pin for the A-D converter. 




















in single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao) is output in memory expansion mode or microprocessor mode. 





In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Az3~Aj6) is 








In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 








Enable output Output 
Bus width selection input Input 
Analog supply input 
VREF Reference voltage input Input 
PQo~P07 1/O port PO 1/O 
Pto~P17 1/O port P1 1/0 
P29~P27 1/O port P2 1/O 
output when E output is “H”. 
P30~ P33 1/O port P3 1/O 
P4)~P47 I/O port P4 1/0 


P59~ P57 


P69~ P67 


P7o~ P77 


P8 9~ P87 


1/O port P5 


1/O port P7 


1/O port P8 


_ 
1/0 
1/0 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4p and P4; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P4. can be program- 
med for ¢,; output pin divided the clock to Xiy pin by 2. in microprocessor mode, P4» always has the func- 
tion as ¢, output pin. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AQ, timer A1, timer A2, and timer A3. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT;, and INT. pins, and input pins for timer BO, timer B1, 
and timer B2. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 

The M37702M4LXXXFP has the same functions as the 
M37702M2BXXXFP except for the following: 

(1) The ROM size is 32K bytes. 

(2) The RAM size is 2048 bytes. 

(3) The reset circuit is different. | 

Refer to the section on the M37702M2BXXXFP. — 


setting the address pins Ag3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF,¢, and A7~ Ap to the contents of 
address FFFE4¢. 

Figure 1 shows the status of the internal registers when a 
reset occurs. | 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 


RESET CIRCUIT 


Reset occurs when the RESET pin is returned to “H” level 





after holding it at “L” level when the power voltage is at 2.7 — 


~5.5V. Program execution starts at the address formed by 


Address 





| 


(0446)°°° 
(0516)°* 


Port PO data direction register 0016 





——— 


nite 


Port P1 data direction register 0016 











Port P2 data direction register (0816)°°° 0016 


Port P3 data direction register (0916)°*: XX XX] 0] 0 0, 0 





Port P4 data direction register  (0C,,)::: 


Port P5 data direction register  (OD,,):": 


Port P6 data direction register (1016)°°° 


Port P7 data direction register = (1146) -": 


Port P8 data direction register (1446)-°- 00:6 


o}o}o}o}2|2]? 
ODDO 1 


0016 





A-D control register (1Ei6)-°° 


a 


A-D sweep pin selection register (1Fi.)--- 


UART 0 Transmit/Receive mode register (3016)°-- 


i 


UART 1 Transmit/Receive mode register (3816)°°° 0016 


XX 110/01 
+] 0/0] 
9Jojojojo t 
9}o}ojojol+ 


00:6 


XX] ]0]0 


0046 





UART 0 Transmit/Receive control register0 (344,¢)--- 


UART 1 Transmit/Receive control register(0 (3C4.6)-°- 


DS 


UART 0 Transmit/Receive control register1 (354¢)-°° 


UART 1 Transmit/Receive control register? (3D4,)--- 


Count start flag (4016)°"" 


ps4 


(4216)°°° 


One-shot start flag 
Up-down flag (4446)°°° 


Timer AO mode register (5646) °°" 0016 
(5746)°°° 
(5846) "°° 


(5946)-°- 


Timer A1 mode register 00:6 


Timer A2 mode register 0016 
Timer A3 mode register 00:6 


Timer A4 mode register (5Ai6)°** 0016 


|X 
9|1|X 


0/0|1/X 


Timer BO mode register (5Big) 


Timer B1 mode register (5Cig)°* 








Timer B2 mode register (5Dig)-*° 


Fig. 1 Microcomputer internal status during reset 
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voltage reaches 2.7V. 


Processor mode register 


Watchdog timer 


Watchdog timer frequency selection flag 


A-D conversion interrupt control register 
UART 0 transmission interrupt control register 
UART 0 receive interrupt control register 
UART { transmission interrupt control register 
UART 1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt contro! register 
Timer BO interrupt control register 
Timer B1 interrupt control register 
Timer B2 interrupt control register 
INT 6 interrupt control register 


INT , interrupt control register 


INT » interrupt control register _ 


Processor status register PS 
Program bank register PG 
Program counter PC,, 
Program counter PC, 

Direct page register DPR 


Data bank register DT 


Address 
(5E16)* 
(6016)-" | 
(6116) 
(7016)"* 
(7tig)' 
(7216) 
(7316) 
(7446)°"° 
(7546)""° 
(7646)""° 
(7716)"" 
(7816) 
(7946) -"° 
(7Ai6)"*" 
(7Big)** 
(7Ci6)""° 
(7Di6) 


(7Ey6)°° 





- 











(7Fig) 








oO 


: 


XXX 0] [fe 
XxX oo 
XXX(0] 0/9 
XXXo|9 
XXX 0[o 
7 XXX 00 
XXXX ols 
XXXa|0 
XXXo/ 0/010 
XXXo|0 

XXKo/ 
Xo |o/a|o 
Xo|o[a/o 
XXe/o|o/0 


os 











Bee 
EE 


(ae) 


Zs 


(ao) 


ees 


oO 


oY 


eIes 
ellellellel|le 


a) 





Zale 





esiesieses 





o}ofo}2}?| 


0016 


Content of FFFF,., 


Content of FFFE;, | — 





i 





000016 








| 0016 


Contents of other registers and RAM are not initialized and should be in- 


itialized by software. 
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ADDRESSING MODES 
_— Power on The M37702M4LXXXFP has 28 powerful addressing modes. 


M37702M4LXXXFP Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 
. Vv 2.7V 
cc 
Ov MACHINE INSTRUCTION LIST 
The M37702M4LXXXFP has 103 machine instructions. Re- 
RESE <a fer to the MELPS 7700 machine instruction list for details. 
OV . 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M4LXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 





Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


000000), 000000;, 
00007Fi.¢ Peripheral devices 
00008015 control registers 
Bank O16 Internal RAM 
2048 bytes 
OOFFFFie 


010000i. 
00087F,. 


Bank 146 


O1FFFFi¢ 


Interrupt vector table 


UARTO receive 

Timer B2. 
Timer B1 
Timer BO 
Internal ROM Timer A4 
Timer A3 
Timer A2 
Bank FE;. ; Timer A1 
Timer AO 

INT> 

INT, 

INTo 
Watchdog timer 
Boies OOFFD6 6 BRK aaniein 

\ Zero divide 
FFFFFFi¢ OOFFFFi¢ RESET 








FE00001¢ 








32K bytes 








FEFFFF\¢ 
FF0000;¢ 

















Fig. 3 Memory map 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions Ratings 
Supply voltage . m=O. 3-—7 
Analog supply voltage =O. 3-: 7 
Input voltage RESET, CNVss, BYTE —0.3~12 
Input voltage POg~P07, P19p~P17,; P29~P27, P39~P33, 
| P4)~P47, P5p~P57, P69~P67, P7>~P77, —0. 3~Vocot0. 3 
P89~ P87, Vrer, Xin 
Output voltage POo~P07, Plo ~P17, P29 ~P27, P3p~P33,. 
P49~P47, P5p~P57, P6p~P67, P7>~P77, —0.3~Vec+0. 3 
P89~P87, Xour, E 
Power dissipation 300 












































Operating temperature *  —40~85 











Storage temperature —65~150 


RECOMMENDED OPERATING CONDITIONS (Voc=2. 7~5. 5V, Tag=—40~85'C, unless otherwise noted) 


Symbol Parameter 
psmoct | aaa a Typ. 


Vss Supply voltage 
AVss 





















Analog supply voltage 
High-level input voltage POg~PO07, P39~P33, P49~P4;, 

P59~P57, P6g~P67, P79~P77, 
P8y>~P8,, Xin, RESET, CNVss, 
BYTE 
High-level input voltage P19~P17, P29~P27 
(in single-chip mode) 









Vin 


















High-level input voltage P1i9~P17, P29~P27 
(in memory expansion mode and |0.5Voc 
microprocessor mode) 














Low-level input voltage PO9~P07, P39~P33, P49~P47, 
P59~P57, P69~P67, P79~P77, 
P8~ P87, Xin, RESET, CNVss, 
BYTE 


Low-level input voltage P1lp~P17, P29~P27 



















(in single-chip mode) 






Low-level input voltage P19~P17, P29~P27 
Vin (in memory expansion mode and 
microprocessor mode) 









High-level peak output current POp~P07, Pigp~P17, P29~P27, 
lon(peak) P39~ P33, P49~P47, P5p~P57, 
P69~P67, P7p>~P77, P89~P87 
High-level average output current POp~P07, Plo~P17, P29~P27, 
lon(avg) P39~P33, P4p~P47, P5p~P57, 
P69~P67, P7p>~P77, P89~P87 
Low-level peak output current POg~P07, Plo~P17, P29~P27, 
lot( peak) P3o9~P33, P4o~P47, P5o~P57, 
P69~P67, P7o~P77, P89~P87 
Low-level average output current POg~P07, Plg~P17, P29~P27, 

P39~P33, P49 ~P47, P5p~P57, 
P69~P67, P7o~P77, P89~ P87 


































lot(avg) 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lox(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 












External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiv)=8MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 











High-level output voltage PQ9~P07, P1q~P17, P29~P27, 


Vou 


ae Eee 


P3p, P31, P33, P49~P4z, 
P59~ P57, P6o~ P67, P79~P77, 
P89~ P87 


Voc=5V, lon= —10mA 





Veco=3V, lon=—1 mA 








Vou 


High-level output voltage POo~P07, Plo~P17, P2o~P27, 
P39, P31, P33 











High-level output voltage P3, 














High-level output voltage E 


Voc=5V, lon= —400u A 


Vec=5V, lon= —10mA 

















Voc=5V, lon= —400uA 











Vec=3V, lon= —1ImA 





2.6 





Voc=5V, lon=—10mA 
Vec=5V, lon=—400uA 
Vec=3V, lon=—1mMA 

















Low-level output voltage PO 9~ P07, Plo~P17, P29~ P27, 
P39, P31, P33, P49~P47, 
P59~ P57, P69~ P67, P7o~P77, 
P8o9~ P87 


Voc=5V, loL= 10mA 





b 
Voc=3V, loL=1 mA 











—___—__+ 


Low-level output voltage PO9~P07, Plo~P17, P29~P27, 
P39, P31, P33 


Vec= 5V, lop =2mA 











Low-level output voltage P32 





Low-level output voltage E 


Hysteresis HOLD, RDY, TAQ\in~TA4jn, TBOiw~TB2in, 
INTo~INTo, ADrra, CTSo, CTS), CLKo, CLK, 


Hysteresis RESET 


Hysteresis Xin 


Voc=5V, lop= 10mA 























[ Voc=5V, lop =2mA 
———— 

Voc=3V, lo.=1 mA 
Voc=5V, loL= 10mA 
Voc=5V, lop =2mA 
Voc=3V, loc =1 mA 


Voc=5V 
Voc=3V 
Voc=5V 


aw 


SS d : 
oi} fon) 














| Vec=3V 








High-level input current POg~P07, P1gp~P17, P29~P2z, 
P39~P33, P4p~P47, P5o~P5r, 
P6)~P67, P7>~P77, P8y~P87, 
Xin, RESET, CNVss, BYTE 


Voc=5V, V;=5V 


Vec=3V, V, =3V 








Low-level input current POQg~PO07, Pig~P17, P29~P2z, 
P39~P33, P49 ~P47, P5o~P57, 
P69~P67, P79>~P77, P89~ P87, 
Xin, RESET, CNVsgs, BYTE 


Vec=5V, V,=0V 
L 








| Vec=3V, V,=0V 











Vram RAM hold voltage 


When clock is stopped. 

















Power supply current 


Parameter 


In single-chip 
mode output 
only pin is open 


and other pins stopped. 


(Xin) =8MHz, 


square waveform 


Ta=25C when clock is 





Voc™=5V 








are Vss during 


reset. 





stopped. 


Test conditions 








Resolution 











Vrer= Voc 


Tg=85° when clock is 














Absolute accuracy 


———_{- 


Vrer= Voc 





RLapDpDER 














Ladder resistance 





Vrer= Voc 





tconv 








Conversion time 





VrRer 














Reference voltage 





Analog input voltage 
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TIMING REQUIREMENTS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25, f(Xin)=8MHz, unless otherwise noted) | 
External clock input 


Parameter 





External clock input cycle time 


External clock input high-level pulse width 
External clock input low-level pulse width 
te | External clock rise time 


External clock fall time 





Single-chip mode 


Symbol Parameter 


Port PO input setup time 


tsu(p1D—E) Port P1 input setup time 

















tsu(p2D—e) Port P2 input setup time 











tsu(p3sp—e) Port P3 input setup time 


Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 

Port P1 input hold time 
| Port P2 input hold time 
Port PS input hold time 
Port P4 input hoid time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 







































































Memory expansion mode and microprocessor mode 


Symbol 


Port P2 input setup time | 80 | 
RDY input setup time | 90 | 
 tsunouo—4)| HOLD inputseouptime ——=sSSsSC=~“~*~*~*~“~*~*~“~*~*~*~‘“‘“‘“~*s*‘“‘~*~*s‘“‘*~*~*~*~*~*S*S*S~S~YCOC*@d 

= 








Parameter 





Port P1 input setup time 






























Fince=ren) | Port P2inputtcidtine ——~=Ss~C“*~S*S*CSC‘“CSC*‘“‘“‘SCSCSCOC“‘“CSNSC#dCOC CE] 
Fine ape [ROY npunoidime ———SsSCSCSCSC~“~SCSCS~“‘“‘“‘“<; Cd 
in Seas MOipminone | 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 





tc(tTa) TAiy input cycle time 








tw(TaAH) TAiiy input high-level pulse width 








tw(TAaL) TAin input low-level pulse width 


Timer A input (Gating input in timer mode) 


Parameter 








to(tTa) TAin input cycle time 














tw(TAH) TAiin input high-level pulse width 

















tw (TAL) TAiin input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


Limits 
Symbol Parameter 
to(ta) TAiin input cycle time 


TAiww input high-level pulse width 
TAiy input low-level pulse width 




















Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter | Min. | Max. | Unit 


tw(TAH) TAiy input high-level pulse width . | 20 | | ons 
twiTac) TAiyy input low-level pulse width | 20 | =] ns 








Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter 




















tocuP) TAiout input cycle time 








tw(uPH) TAiout input high-level pulse width 














tw(uPL) TAiout input low-level pulse width 


























tsuCuP-Tyw) TAiout input setup time 


TAiout input hold time 
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Timer B input (Count input in event counter mode) 


to(TB) TBi\y input cycle time (one edge count) | 250 | 
tw(TBH) TBiy input high-level pulse width (one edge count) 125 = 
TBi)y input low-level pulse width (one edge count) | 125 ae 

















TBiy input cycle time (both edges count) 500 
TBijy input high-level pulse width (both edges count) 
TBiy input low-level pulse width (both edges count) 250 


Timer B input (Pulse period measurement mode) 


pce ee ce ee 
Max. 
te(tB) TBijy input cycle time 1000 
twas TBiy input high-level pulse width 


TBijy input low-level pulse width 
























Timer B input (Puise width measurement mode) 


TBiiy input oycte time 1000 ns 
TBijy input high-level pulse width 500 / ons | 











TBiiy input low-level pulse width 








A-D trigger input 


Symbol Parameter 


ADrrg input cycle time (minimum allowable trigger) 
ADrrg input low-level pulse width 























Serial I/O 


TxDj output delay time 


thic—a) TxDj hold time 





tsu(p—c) RxDj input setup time 





External interrupt INTj input: 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=2.7~5.5V, Vss=0V, Tg=25C, f( Xin) =8MHz, unless otherwise noted) 
Single-chip mode 






Symbol 






td(e—poa) 
td(e—P1Q) 





td(e—p2aq) 


td(e—P3aq) 





Parameter 





Port PO data output delay time 









Port P1 data output delay time 
Port P2 data output delay time 





td(eE—PsQ) 
td(E—P6Q) 


Port P7 data output delay time 





td(e—P7aQ) 
td(e—psa) 


Port P8 data output delay time 











Port P3 data output delay time 
Port P4 data output delay time Fig. 4 


Port P5 data output delay time 
Port P6 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol 


td(e—¢,) 


Parameter 


Port PO address output delay time 

Port P1 data output delay time (BYTE="“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 











Port P1 address output delay time 
Port P2 data output delay time 





Port P2 floating start delay time 





Port P2 address output delay time 





Port P2 address output delay time 
HLDA output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 





R/W output delay time 
¢, output delay time 





thi e—Poa) 


th(ALE—P1A) 


thce—P1a) 


Port PO address hold time 
Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 








tpzx(e—p1z) 


th(e—R/w) 


Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 

BHE hold time 

R/W hold time 














tW(eL) 


E pulse width 


Test conditions 








Test conditions 






Limits 


WIlW 
o!1oO 
O|;o 


WI1Wi w 
o;o;o 
O;1O;o 


Ww 
Lo) 
Oo 


W 
io) 
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300 
300 





Limits junit 
Unit 
Min. 
50 | ons 
| ns | 
| ns 
130 





oe nd 
NO W 
Oo © 





50 
0 


BS 





on 
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ol 
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ol 
jo) 
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oO;}oO 





co 





oO 
io) 


on 
coe Kas) 


ao 
oO 





co 
on 


6 | 
ai 
ones 
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eed 
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NO 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Port PO address output delay time 
td(e—P1aQ) Port P1 data output delay time (BYTE=“L”) 
tpxz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 


Limits 
Unit 


= 


—s —, as 
Nn Ww Ww Fy) 
ro) ro) a) x 








=) 
” 


E) 
td(p1a—e) Port P1 address output delay time 
tdcp1a—ace) | Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 
Port P2 address output delay time 
HLDA output delay time 
ALE output delay time 
E 
) 





ALE pulse width 
BHE output delay time Fig. 4 
R/W output delay time 
1 output delay time 
Port PO address hold time 
Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
Port P2 address hold time 
Se 








c 





— 14) ay}, o;on on ain 4/01 Sed 163) 
CO] O01; © O;O}; © Oo O;O > O!1O O1oO oO 


a 
” 


=) 
7) 





> 
o|— 
O!;1o 
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Single-chip mode 


t( Xin) 


ml 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port PS output 


Port P5 input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 
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sy 


es 


= 


tsu(pop—e) 


/—T\ 


I 


tsu(p1D—E) pee 


~~ 


tsu(e20-e) 


\, 
iw 


a 


tsu(p30—-€) ae 


><] de 


tsu(pan—e) poms 


ies 


tsu(Pso—e) — 


Wks 


tsu(P60—e) — 


es 


tsu(p7p—) pea 


or as 


‘ 


roe 


tsu(psp—e) pee 
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tdie-Poa: 


th(e—Pop) 


td(e—p1qQ) 


thie—pip) 


tdie—p2aq) 


thie—p2p) 


tdie—p3q) 


th(e—pap) 


td(e—psq) 


th(e—pav) 


tdie—psa) 


thie—pso) 


tdie—Psa) 


thie-—Pso) 


tdie—p7a) 


thce—p7p) 


td(e—psa) 


th(e—psp) 
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to(ta) 








twitaH) 


TAin input 


te(up) 


TAigur input 





TAiout input 
(Up-down input) 


In Event counter mode 


TAiwy input 
(When count by falling) 
SE ne aanenacees 
= CT 
(When count by rising) . 


te(rB) 








TBiw input 


te(an) 





ADrrac input 


te(ck) 


Pree 


thic—a) 


tsu(o-—c) thic—p) 


ae palette 


RxDj_ 


twain) 









INT; input 





tWONH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


gy 


ml 
~~ 


RDY input 


(When wait bit = “0”) 


dy 


mi 
~ 


RDY input 


tsu(roy—¢,)} thi s,;—Rrby) 


(When wait. bit = “1” or “O” in common) 


dy 


th(¢,;—HoLD) 


tsu(HoOLD— 44) 


HOLD input 






td(4,—HLDA) td(4;—HLDA) 


HLDA output 


Test conditions 

*Voc=2. 7~5. 5V 

* Input timing voltage : Vi. =0. 2Vcc, Vin=0. 8Vec 
* Output timing voltage * Vo, =0. 8V, Voy=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1") 


(Xin) 





¢; 


tde-¢,) tdie-s,) 


ee ey 
Spee 
( Ag~A;z ) 


mi) 


J 





oor ee 
(Ag~Ay5/Dg~Dis) A" 
td(p1a—e) 
Pat ee ee 
(Ag~Ai5) 
(BYTE="“H") —| thie—pip) 
Port P1 input : 


tezx(e—p2z) 


_ Address 


oe <b me ae 
(Ave~Aa/ DoD) reer Saree 
_ ta(p2a— ) 
_ td(e—p2a) —+ thie—r20) 
Port P2 input 


thie—rw) 





Port P3. output | 


(ALE) 


(BHE) 


tdir/w—-e) 





Port P39 output 
(R/W) 
Test conditions 
* Voc=2. 7~5. 5V 
* Output timing voltage * Vo_=0. 8V, Vo,=2. OV 
* Ports P1, P2 input : Vit=0. 16Vec, Vin=0. 5Voc 
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Memory expansion mode and microprocessor mode (When wait bit = “0", and external memory area is accessed) 


tc 
{(Xiy) | i 
; 
td(e—¢,) 
= twieL) td(e- 41) 
E 


td(poa—e) 
Pern ime 
ma aD, 
( Ao~ A; ) =i 


















thicaiesew) < texz(e—P1z) tezx(e—P1z) 
Port P1 output 
(BYTE=“L") 

tq (P1A—ALE) 5 
Port P1 output | ol 
eas nc 
(BYTE=“H”") 

— th(e—P1D) 

Port P1 input 

th(aLe—p2a) tern texz(e—pez) tezx(e—P2z) 
Port P2 output 

tsu(p20—e) 
td(p2a—e) 


pais ee th(e—p2p) 


a a 
td(p2a—ALe) 
Port P2 input 
gael 
el i td(ace—e) 
Port P3, output 
(ALE) 


td(BHEe—e) 
| Pee ry eee 
(BHE) 
tdi r/w—e) 
thie—Ayw) 


Port t P39 output 
(R/W) 


Test conditions 

* Voco=2. 7~5. 5V 

* Output timing voltage * Vo, =0. 8V, Voy=2. OV 

* Ports P1, P2 input > Vit=0. 16Vec, Vin=0. 5Vec 
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DESCRIPTION 

The M37702M4LXXXGP is a single-chip 16-bit micro- 
computer designed with high-performance CMOS silicon 
gate technology. This is housed in a small 80-pin plastic 
molded QFP. This single-chip microcomputer has a large 
16M bytes address space, three instruction queue buffers, 
and two data buffers for high-speed instruction execution. 
The CPU is a 16-bit parallel processor that can also be 
switched to perform 8-bit parallel processing. This micro- 
computer is suitable for communication, office, business 
and industrial equipment controller that require high-speed 
processing of large data. 

‘The strong points of the M37702M4LXXXGP are the low 
supply voltage and small package. , 


FEATURES 
e@ Number of basic instructions Pome r rec ereenererveseceeeeevecnees 103 
@ Memory size ROM Commer ever ers eee scerewernenseece 32K bytes 
RAM Come e rere rors verve steeeevesees 2048 bytes 
@ {Instruction execution time 
The fastest instruction at 8MHz frequency -:-:::--:-- 500ns 
Single low supply voltage eee cece ee ec rece eer esesennce 2.(/~5.5V 


Low power dissipation ; 
(At 3V supply voltage, 8MHz frequency) --: 12mW (Typ.) 
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 


@ Wide operating temperature range:::::::::--:*: —40~ 85°C 
e interrupts wR duele eieierare aed aa nga a Sees BAe oleae ba 5 Staves are 19 types 7 levels 
r Multiple function 16-bit timer --cccc rc ee 5+3 
@ UART (may also be synchronous) ard Sia Biddle See Wee cb 9900's ware ee 2 
@ 8-bit A-D converter <7: tree re 8-channel inputs 
@ 12-bit watchdog timer 
~@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)----:see 68 
@ Small package:::::::-::- 80-pin QFP(0.65mm lead pitch) 
APPLICATION 


Control devices for communication equipment such as 
cellular radio telephones, cordless telephones, and radio 
communications 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
and measuring instruments 


NOTE | 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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PIN CONFIGURATION (TOP VIEW) 


- P77/AN7/ADtRe 
+> P8,/CTS,/RTS; 


+> P7o/ANo 
+ P7;/AN, 
+ P72/AN2 
+> P73/AN3 
> P74/AN, 
+ P75/ANs 
+ P7.6/AN6 
[3]<> P8&9/CTSo/RTSo 
Rie P8,/CLKo 
iZ|+» P82/R,Do 
[2]<» P8s5/CLK, 


31> P67/TB2in 
1[3|<»+ P83/TxDo 


3 | 
=] 
[33] 
El 
f& 


P6¢6/TB1 in + LU 
P6s/TBOin 


60) +> P8¢/RxD, 


O 


58] +> POo/Ag 


P62/INT> + 5 | 
P6,/TA4in + LE! 
P69/TA4our — 


56] +> PQ2/Az 
55] > PO3/Az 
54} +> PO4/A, 
53] +> POs/As 


st} +> PO7/A7 

50] +> P1o/Ag/Dg 
49] <> P1,/A9/Dg 
48] +> P12/Ai9/Di0 
47| +> P13/A,,/D4, 
46] +> P14/A42/D42 


dOXXXTIVINNCOZZEN 


P5o/TAQour 7 15} 
P4,/DBC* ++ [i6] 


43 | +> P17/Ay5/D45 
+> P2o/A16/Do 
41 }+> P2,/A,7/D, 


=] 
fa 


P39/R/W «+ [=] 
re 
a 
SI 


P33/HLDA <> 
P32/ALE «+ [8] 
P3,/BHE «++ 
P27/Ao3/D7 <> 
P2.6/A22/Dg «> 
P25/Ao1/Ds5 «> 
P24/A29/Dag «+ [8] 
P23/A19/D3 «+ [3] 
P20/A18/Do2 <> 8 


Outline 


80P6S-A 


* | Used in the evaluation chip mode only 
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M37702M4LXXXGP BLOCK DIAGRAM Reference Bus width 


Clock input Clock output Enable output Reset input (5V) 
Xin Xour E RESET BYTE 


rn 








Instruction Register (8) 
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Le ar oa 


i 
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TT | Lao 
Timer TA3(16) 

: 
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Ut aia ae zi 
Ce ee <a P5(8) — pps) 
dhdvdbdvdabe HOHE WVOSIOOW at Adehihe dibdibidd bib bb en TL ¢ 


6263606566 
YS CY OS —"/ 
Input/Output Input/Output ar re en oe Merron naa Input/Output ee rare Input/Output 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 


(OV) voltage input selection input 


(PPO )sng eyeq 


(uaag)sng ejeg | 
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FUNCTIONS OF M37702M4LXXXGP 





























Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 





Memory size 


PO~P2, P4~P8 8 -bitX 8 
Input/Output ports 


P3 4 -bitX 1 


TAO, TA1, TA2, TA3, TA4 16-bitX 5 
TBO, TB1, TB2 16-bitX 3 
Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7 
Supply voltage 2.7~5.5V 
-— 12mW(at 3V supply voltage, external clock 8MHz frequency 
Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 
Input/Output characteristic 


. .) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
; ) 
80-pin plastic molded QFP (80P6S-A : 0. 65mm lead pitch) 


Serial 1/O (UART or clock synchronous serial 1/O) X2 
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PIN DESCRIPTION 


Power supply - Supply 2. 7~5. 5V to Vcc and OV to Vgs. 
Vss 


CNVss CNVss input 


Xin Clock input 


Clock output Output 












This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 








To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 





Xout 





Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 























BYTE In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


Bus width selection input Input 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





AVcc, Analog supply input 


Reference voltage input Input 


POo~P0, 1/O port PO 1/0 


Plo~Pt17 I/O port P1 
P2~P2; | 1/0 port P2 
1/0 





Power supply for the A-D converter. Connect AVcc to Voc and AVgg to Vsg externally. 





This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit 1/O port. An |/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 





in single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dys~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H’”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s5~Ag)is output. 


aan ee a S 
m | g @ 3 
+ 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Az3~ Aig) is 
output when E output is “H”. 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





P39~P33 1/O port P3 


P4o~P4, | 1/0 port P4 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 





rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. in single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xjj pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 


P5o~ P57 I/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 


pins for timer AO, timer A1, timer A2 and timer A3. 





1/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 


pins for timer A4, external interrupt input INTo, INT; and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. 
I/O port P7 1/0 
P89~ P87 I/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 









in addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 
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BASIC FUNCTION BLOCKS RESET CIRCUIT i 
The M37702M4LXXXGP has the same functions as the Reset occurs when the RESET pin is returned to “H” level 
M37702M2BXXXFP except for the following: after holding it at “L” level when the power voltage is at 2.7 
(1) The ROM size is 32K bytes. ~S.5V. Program execution starts at the address formed by 
(2) The RAM size is 2048 bytes. setting the address pins Azg~ Aie to 0016, Ais ~~ Ag to the 
(3) The reset circuit is different. contents of address FFFFi.¢, and A7~ Ag to the contents of 
Refer to the section on the M37702M2BXXXFP. address FFFEjg. ; 


Figure 1 shows the status of the internal registers when a 
reset occurs. | | 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. | 


Address Address 


Port PO data direction register  (044,)-°: Processor mode register (5E,6)°°° 0016 


: 





Port P1 data direction register (0516)°"° Watchdog timer - (6016) °° FFF 4, 


Port P2 data direction register  (0816):°: Watchdog timer frequency selection flag (6146): 


A-D conversion interrupt control register (7016)°* XXX IX] 0 | 0| 
XK 210 
XXX 2. 
XXX 2. 
XXX | 
XXX (2. 
A-D control register (1Ey6)° 0 0/0) 0/?|?| ? Timer A1 interrupt control register (7616) °° XXX DX) 0. 
XXX DX 1 1 Timer A2 interrupt control register (7716)°°° XX)DX)X] 0] 
XX? 
XXX 2! 
Timer BO interrupt control register (7Ai6)** XIX1X/ 0 | 0 | 0| 
XXX 2/99 
XXX 


Z\ 


Port P3 data direction register (0916) °° 


| 


XXX. 29/0] 


Sy 


Port P4 data direction register (0Ci6)°* UART 0 transmission interrupt control register (7116) 


Port P5 data direction register  (OD4.):: 


fo | 
°°] 


UART 0 receive interrupt control register (7246)°*° 
Port P6 data direction register (1016)°* UART 1 transmission interrupt control register (7346) °° 


Port P7 data direction register (1146)°° UART 1 receive interrupt control register (7416)°" 


HWesIeSieses 


=) 


Port P8 data direction register = (144,)-* Timer AQ interrupt control register (7546) °° 


=) 





< 
= 
fe lle }je lle 


A-D sweep pin selection register (1F16)-- 


oN 


UART 0 Transmit/Receive mode register (3046) -* Timer A3 interrupt control register (7846) °° 





PP 


UART 1 Transmit/Receive mode register (3816): 





ad 


Timer A4 interrupt control register (7946)°"" 
MIXX ole 
XXX +] 0] 0 


UART 0 Transmit/Receive control register 1 | (3546)°"° | 0/0 | 0;0/0 | 0 | 1 | 0| Timer B2 interrupt control register (7Cig)* 


0} 0/0/0} 0/1 | 
XX12 9/0] 0/0 
\)X|0}0/0/ 0 INT 2 interrupt control register (7Fig) °° XX; 00/0] 0} 0. 


Up-down flag | (4446): 00,6 Processor status register PS 0/0;0/?}? o} 0/0) 1/2]? 


Timer AO mode register (5646)°"° 


UART 0 Transmit/Receive control register0 (3416)-°° 


| 2 | 





x 
x 


UART 1 Transmit/Receive control registerO (3C46)--° Timer B1 interrupt control register (7Big)** 


P< 
a 
|e | 
iS 
fe | 2 | 





PSPSPS 


UART 1 Transmit/Receive control register1 (3D46)-°° 


~~ 
2 | 
| | 
|e | 
|o | 
| | 
[2 | 


INT 9 interrupt control register (7Di6)**° 


Count start flag (4016)°*° INT , interrupt control register (7Ei6) °° 


One-shot start flag ; (4246)°"" 


Le |e 


pad 
2 | 





Program bank register PG 
Timer A1 mode register (5746) °"° Program counter PC,, Content of FFFFi¢ 


Timer A2 mode register (5816)-"" 0016 Program counter PC_ Content of FFFE;¢ 





Timer A3 mode register (5916)°° 0016 Direct page register DPR 00006 


Timer A4 mode register (5Ai6)*"" 0016 Data bank register DT 


Timer BO mode register (5Bis) 9/1 )X/0/ 0/0] 
Timer B1 mode register (5Cig)-" 0] 1 X]o] 0} 0 
Timer B2 mode register (SDig)-" o/o|1)x]ololo 


Fig. 1 Microcomputer internal status during reset 


ab 
a 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


000000;, 000000,. 


00007 Fi¢ 
000080). 


OOFFFFie 


01000016 
00087F 1. 


O1FFFFi¢ 


FEO000i6 


Bank FE, 


FEFFFF\¢ 
FF0000;, 


Bank FFi. 


FFFFFFi¢ 


Fig. 3 Memory map 


\ 
OOFFD6i6 \ 


OOFFFFi¢ 





ADDRESSING MODES 

The M37702M4LXXXGP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. _ 


MACHINE INSTRUCTION LIST 
The M37702M4LXXXGP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M4LXXXGP mask ROM order confirmation form 
(2) 80P6S mark specification form 

(3) ROM data (EPROM 8 sets) 


Peripheral devices 
control registers 


Internal RAM 
2048 bytes 


Interrupt vector table 


UARTO receive 
Timer B2 
Timer B1 


Timer A2 
Timer A1 


INTo 
Watchdog timer 


DBC 
BRK instruction 


RESET 





Internal ROM 
32K bytes 
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ABSOLUTE MAXIMUM RATINGS 


| Voc __| Supply voltage | 
Analog supply voltage 


Vcc 
V; Input voltage RESET, CNVss, BYTE 
Vi 
Vo 
yor 





























Input voltage POg~P07, P19p~P17, P29~P27, P3p~P3s, 
P4o~P4,, P5o~ P57, P69~ P67, P7o~ P77, 


P89~P87, Vrer, Xin 
Output voltage PQo~P07, Plo~P17, P29~P27, P3p~P33, 
Ton 







P49~ P4,, P5o~ P57, P69~ P67, P7o~ P77, 


P89~P87, Xour, E 
Power dissipation 





Operating temperature 





Storage temperature 





p. 


Vss Supply voltage 





Analog supply voltage 

High-level input voltage POo~P07, P89~P33, P4p~P4;, 
P5o~P57, P6g~P67, P79 ~P77, 
P8o9~ P87, Xin, RESET, CNVsgs, 
BYTE 


Vv High-level input voltage P19~P17, P29~P27 
sd (in single-chip mode) 


High-level input voltage P19~P17, P29>~P27 
Vin (in memory expansion mode and 
microprocessor mode) 


Low-level input voltage POQg~P07, P389~P33, P49 ~P4;, 
Vv P50~P57, P69~P67, P7o~P77, 

s P8)~ P87, Xin, RESET, CNVss, 

BYTE 
a (in single-chip mode) 

Low-level input voltage P19~P17, P29>~P27 
Vit (in memory expansion mode and 
microprocessor mode) 


Vind 


High-level peak output current POg~PO7, Pip~P17, P2o~P2z, | 
P3o9~ P33, P4g~ P47, P5o~ P57, 
P69~ P67, P7o~ P77, P89~ P87 


High-level average output current PQg~P07, Pl9o~P17, P29~P27, 

lon(avg) P39~P33, P49~P47, P5o~ P57, 
P69~P67, P79>~P77, P89~ P87 

Low-level peak output current PQo~P07, P19~P17, P29~P27, 

lo-(peak) P39~P33, P4p~P47, P59~P57, 
P69~P67, P7o~P77, P89~P87 


Low-level average output current PQg~PO7, P19~P17, P29~P27, 
lou( avg ) P39~ P33, P4o~ P47, P5o~ P57, 


P6)~ P67, P7o~ P77, P85~ P87 
f(Xin) External clock frequency input 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 


Limits 
Parameter Test conditions ; 
in. Typ. 
High-level output voltage PO9>~P07, Pip ~P17, P29 ~P2,, 
g P g j i : : " Vec=5V, lon=—10mA 3 
P3o, P31, P33, P4o~ P4,, 
P59~ P57, P69~ P67, P79~P77, 
P8)~ P87 Voec=3V, lox=—1mA 2.5 
High-level output voltage PQ >~P07, Plp~P17, P29~P27, 
Voc=5V, lon=—400uA 
P3, P31, P33 ee or e 


Voc=5V, lon=—10mA 
High-level output voltage P32 Voc=5V, lon=—400uA 
Voc=3V, lox=—1mA 
Vec=5V, lon=—10mA 
High-level output voltage E Vec=5V, lon=—400uA 
Voc=3V, loy=—1mA 





Low-level output voltage POg~P07, P19o~P17, P29~P27, 
P3bp, P3;,, P33, P49~P4,, 


P59~P57, P6y>~P67, P7>~P77, : : 
P8y>~P8, Vec=3V, loLc=I1mA 


Low-level output voltage PO 9~ P07, P1l9~P17, P29~P27, 
V Voc=5V, lop =2mA 
se P39, P31, P33 = 


Vec=5V, lop =10mA 
Voi Low-level output voltage P3, Voc=5V, lo.=2mA 
Vec=3V, loL=1mA 
Vec=5V, lop =10mA 
Vec=5V, lop =2mA 
Vec=3V, loL=1mA 
Vec™=5V 
Vcec=3V 


en a Vec=5V 
Hysteresis RESET 
Vec=3V 
Vec=5V 
Hysteresis Xin ce 
High-level input current POg~P07, Pl9o~P17, P29~P27, 
g p 0 7, Pig 7, Peo 7 Voc=5V, Vj=5V 
P39~ P33, P49~P4z, P5o~P5r, 
P69~ P67, P79~P77, P8 9~ P87, 
Xiu, RESET, CNVss, BYTE Voo=3V, Vi=3V 
Low-level input current PQg~P07, Pl9p~P17, P29~P2z7, 
P39~ P33, P4o~ P47, P5o~ P57, 
P69~P6r, Plo~ P77, P89~ P8,, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 2 
In single-chip f( Xin) =8MHz, 
mode output square waveform 


only pin is open | +,=25'C when clock is 
and other pins stopped. 


Vec=5V, lop =10mA 
Vou 


o) 
on 


S|o|° Mia;wim) aw] » 
—I|N[— m >| Dm —_ ™S 


sd 


oe) 
S}S/S|S/° a 
Or ;MO]@WI LION] oe Oo Ww! wo 


fan) 
o—_ 





Vecc= 5V, V,=0V 


Vec= 3V, V,;=0V 











Power supply current 


are Vss during Ta=85°C when clock is 


reset stopped. 





Parameter Test conditions 


Resolution Vrer= Voc 





Absolute accuracy Vrer=Voc © 





Ladder resistance Verer=Vec 








Conversion time 





Reference voltage 


Analog input voltage 
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TIMING REQUIREMENTS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
External clock input | | 


pte oc External clock input cycle time 
External clock input high-level pulse width 
External clock input low-level pulse width 


tc 
Pie External clock rise time 
te External clock fall time 





Limits 







—t 
N 
o 










20 


or; ol 
O}o 





NO 
ro) 


Single-chip mode 


Symbol Parameter 


Port PO input setup time 
: : 
: : 


ae 
OQ 
io) 


WIiWI] Ww 
oO;}O;o 
O}O)};O 


) 
) 
) 
; P 
Port P7 input setup time 

Port P8 input setup time 
Port PO input hold time 

Port P2 input hold time 

Port P3 input hold time 

Port P4 input hold time 

Port P7 input hold time 

Port P8 input hold time 


WW) Wil w 
o;,o;1o;OQ 
O}O);0O);O 


300 





Memory expansion mode and microprocessor mode 


Port P2 input hold time 
RDY input hold time 


Limits 






Unit 
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Timer A input (Count input in event counter mode) 


| Max. | 
TAiin input cycle time 250 El 
a 
poses! 
















TAin input high-level pulse width 
TAi input low-level pulse width 


Timer A input (Gating input in timer mode) 


ymdo arameter Pin. | nl 


Max. | 
| tocray | TAim input eycte time 1000 
pee 






TAiwy input high-level pulse width 500 


TAiy input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


ymbo arameter Min. | ni 


Max 

00 [ 
cea 

4 







TAiwn input high-level pulse width 
TAi input low-level pulse width 250. 


Timer A input (External trigger input in pulse width modulation mode) 


TAi input high-level pulse width 
TAiin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


ympo arameter Min. _| 


TAiour input cycle time 
TAiour input high-level pulse width 


TAiout input low-level pulse width 
TAiour input setup time | 1000 | 
TAiour input hold time / 1000 | 
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Timer B input (Count input in event counter mode) 


Symbol Parameter 


TBijy input cycle time (one edge count) 
TBijy input high-level pulse width (one edge count) 





TBijy input low-level pulse width (one edge count) . 
TBiy input cycle time (both edges count) 


TBiy input high-level pulse width (both edges count) 
TBijy input low-level pulse width (both edges count) 








Timer B input (Pulse period measurement mode) 


tc(tB) TBijy input cycle time 
tw(TBH) TBiy input high-level pulse width 


TBiy input low-level pulse width 


















Timer B input (Pulse width measurement mode) 


Limits 
to(tB) TBiy input cycle time 1000 |] ons 
twiTeH) TBiyy input high-level pulse width | 500; . | ns | 

TBiyy input low-level pulse width . | | 500 | | ns 














A-D trigger input 


ADrrg input cycle time (minimum allowable trigger) . 2000 
ADtre input low-level pulse width 





Serial I/O | 


a 
| toon | CLKiinputcycletime Ts 
20 | | ons 
| twicki) __| CLKjinput low-level pulse with | Ts 
| tdic—a) | TxDjoutputdelaytime ins 
TxDj hold time a a 
RxDj input setup time - 8 | | ons | 

thic—pb) RxDj input hold time es ee 


External interrupt INTj input 


| 








oO};oO 












INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=2. 7~5.5V, Vss=0V, Ta=25C, f(Xiy) =8MHz, unless otherwise noted) 
Single-chip mode 


Port PO data output delay time 
Port P1 data output delay time 












W 
oO 
oO 


WiW)] Ww 
O;oO;O 
O;oO!]o 


Min 

ane 
prate 
iam 
as 
aoa 
ne 
4 


W 
io) 
jo) 


WW] WI] W] Ww 
oO;,O;0/;/O 


Symbol Parameter Test conditions 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 





Port P1 address output delay time 
Port P1 address output delay time 
Port P2 data output delay time 


Port P1 address hold time (BYTE="L”) 





E pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “1") 


tpxz(e—p2z) | Port P2 floating start delay time 
Port P1 address hold time (BYTE="H") 
Port P2 data hold time 


, R/W hold time 
E pulse width 









Min [Wa 













































Fig. 4 Testing circuit for ports PO~P8, ¢, 
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ae ES 


TIMING DIAGRAM tr tf t 
Cc 
Single-chip mode Wwe) tie) 
f( Xin) 
E 
| tdie—pog) 
Port PO output |X 
tsu(pop—e) poms 
Port PO input ) thie—pop) 
nang tdie—P1Q) 
Port P1 output |X 
tsu(p10—e) aaa 
a 
Port P1 input thie—Pip) 
aay tdie—P2a) 
Port P2 output Xx 
tsu(p20—€) ped 
es 
Port P2 input thie-P2o) 
ony tdie—P3aq) 
Port P3 output BD. 
tsu(p30—£) 
— 
Port P3 input i thie—psp) 
| tdie—Pag) 
Port P4 output XX 
tsu(psn—e) i 
Port P4 input thie-Pap) 
nae td(e-psa) 
X 
Port P5 output 
tsu(pso—e) -— 
Port P5 input z thie-Pso) 
Eg tdie-P6a) 
Port P6 output |X 
tsuip60—-e: 
_— 
Port P6 input thie—Pep) 
nig td(e—P7Q) 
Port P7 output xX 
tsu(p7>—£) | 
Port P7 input a th(e—P7D) 
bag td(e—psa) 
Port P8 output fe. 
tsu(pso—e) peed 
Port P8 input A th(e—psp) 
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tecta) 


TAtw input 


TAiout input 





TAiout input 
(Up-down input) 4 


In Event counter mode 


TAiw input 

(When count by falling) 
tod es PN 

(When count by rising) 


\ te(tB) 


TBiwy input 





ADrrac input 


tevcK) 


TxDj 


RxD; 


twcinL) 


INT; input 
twann) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


oy 


prom rrr rr ee 


/ 


mi 


RDY input 


tsu(roy—¢,)} th ¢1—rby) 


(When wait bit = “0”) 


$y 


mi! 
~ 


RDY input 


tsu(rov—¢,)}  th(¢1—rpy) 


(When wait bit = “1” or “0” in common) 


$y 


thi, -HoLD) 
tsu(HoLD— 4) h(¢;—HOLD 


HOLD input 







td(¢,—HLDa) tdi ¢)—HLDA) 


HLDA output 


Test conditions 

* Voc = 2.7~5. 5V 

- Input timing voltage * Vir = 0. 2Vcc, Vin = 0. 8Vecc 
* Output timing voltage : Vou = 0. 8V, Von = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


f(Xiw) 


¢, 
tdie—¢,) die—¢,) 
(Ag~A7;) 

















tnae-enft necro) tozx.e—P1z) 
(Ag~A15/Dg~Dy5) A" faicoricl 
(BYTE="L") tdip1A—ALe) ; 
tdip1a—e) 
th(e—P1a) 
reo ee 
(Ag~Ais5) 
(BYTE="H") _— thie—pip: 
Port P1 input 






thi ace—p2a) i 


toxz(e—p 2z) 

= 
as) ape 
wal E) 


tozxie—p2z: 


Port P2 output Address 
(Aie~Az3/Do~D;) 


Address 


———| thie—p2p) 





tdi p2a—ALe) 


Port P2 input 


Port P3, output 


- | | 
CG.ALE-E' 


(ALE) 
tdi aHE-e) eens 
paca \E-BHE’ 
evil a haa) rs 
(BHE) 
tdipyw—-e° 


Port P3, output 
(R/W) 





Test conditions 

* Voc™2. 7~5. 5V 

* Output timing voltage * Vo. =0. 8V, Von=2. OV 

* Ports P1, P2 input > Vip =0. 16Voc, Vin=0. 5Voc 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
(Xin) ° 
¢, 
= (E— 9) 
. \ ss 
a 
| address =| MX 


tozx(e—P1z) 


thi ace—P1a) 
oe Dis) ( Data | pata | OD faddress Address 
BYTE=“L" 
i pel ma 
td (P1A—ALE) 
tdipia—e) 


thie—p 1a) 
Port P1 output i past 


pen (T[scress Poh 
(BYTE=“H”") 


thie—pio) 
Port P1 input -\ 


thi ace—p2a) Son y= P2z) 
Port P2 output 


(Aig~Av3/Do~D7) Leone} Ker) Address 


— ALE) 
Port P2 input 
W(ALE) 
tdiace—e) 
Port P3. output 
(ALE) 


LN 
















tsu(p20—e) 


pasa thie-p2p) 


[eae eee 


ames E) 
N(€—- BHE) 
ae a) See 
(BHE) 
tdiryw-e) 
thie- aw) 


Port P3, output 
(R/W) 


Test conditions 

*Vec=2. 7~5. 5V 

* Output timing voltage ° Vo, =0. 8V, Von=2. OV 

* Ports P1, P2 input > Vip =0. 16Vcc, Vin=0. 5Vec 
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DESCRIPTION 

The M37702M6BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The M37702M6BXXXFP has the same functions as the 
M37702M2BXXXFP except for the memory size. 


ee FEATURES 


Number of basic instructions Come meee eccrcrrencrvesecensccscces 103 

@ Memory size ROM Se ee ee 48K bytes 
RAM VerTrerrrrrrrrr rere rer eer er ee 2048 bytes 

@ Instruction execution time 

The fastest instruction at 25 MHz frequency °:-::::: 160ns 
eo Single power supply sees ee eeneeeeeereesreseeerseseseeeees 5Vt+10% 
@ Low power dissipation (At 25 MHz frequency) 

Seidcund nied tak wal Wes Raa aee tues ew ae eo eae areas 95mW (Typ.) 
@ Interrupts bale aioe nee axetaie Siciwinie's Sreie wie wievereceta ee ste erscenes 19 types 7 levels 
@ Multiple function 16-bit timer: rere S+3 
@ UART (may also be synchronous) igre: Sigs sia ore: 6. sete leila B vieiaierete' 2 
@ 8-bit A-D Converter sire 8-channel inputs 
@ 12-bit watchdog timer | 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) -----::-e 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 





PIN CONFIGURATION (TOP VIEW) | 

















Q a 

< ‘3.9 
- nO +H OR ALAS 
ZZZ22Z22Z22Z22Z me a x & 
<<eeeee ,, 4 OEE 
eee sees ee ES Bases 
Ooaaadkadkard>eronanha 
80 68| [67] J66| [65 


























































P7>/ANy ++ [1 64] +» P8,/CTS,/RTS, 
P67/TB2;y +> 2 | +> P8./CLK, 






P6¢/TB1\y +* 
P6s/TBOy +> (4, 
~ P6,/INT, +* [5] 


<> P8,/RxD; 
ei] +> P8,/T,D, 
60] <> PO, /Ag 









P6/INT, +> [6 53] <> P0,/A, 
P6,/INTo <> +> P0,/A> 
P6,/TA4y + 8 <= +> P03/Ag3 
P6o/TA4our ** L2 <a 56] +> PQ4/A, 
P57/TA3in + 10) “I 55} +> P0./As 
P5,/TA8gyr + [1 x 54] +> P0¢/Ag 
P5./TA2n + [12] < +> P0,/Ay 
P5,/TA2our + o +> P1o/As/Dg 
P5o/TA1y + [14] x< +> P14/Ag/Dg 
P5./TAl our + [5 os 50] > P15/Aro/Dyo 
P5,/TAOw + 16] “Tl 49} <. P13/Ay4/D4, 
P5o/TAQour > vU 48] <> Pt 4lAy2/Dy2 





+> P15/Aj3/D13 
46} <> P16/A;4/D44 
45] > P17/Ay5/Di5 
44] <> P25/A16/Do 
+> P2,/A,7/D, 
+> P2./Ai3/Do 
41 | <> P23/A19/D3 






P4,/VPA* «+ [19] 
P4./VDA* +> 
P4,/QCL* <> [21] 
P4,/MX* <> 
P4o/d4 > 
P4,/RDY <> 

















28} [29] [30] [31 } 32} [33] [34] [35] [36] [37] [38] [39] [40] 
tT Tas ATT at 
OW Bre ZEW At ww - ow + 
Ae gi <x 3° $/§ aiz'§ Goda 
On Zi vad rye esas 
=° Sle PP TeSS 
v Oe Aa iad 
ou 
ao aaaa 





Outline 80P6N-A 


*: Used in the evaluation chip mode only 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


FUNCTIONS OF M37702M6BXXXFP 


Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
Memory size 
P3 













Aint ORIRUeH PO~P2, P4~P8 8 -bitX 8 
nput/Output ports 
paste aes 4 -bitX 1 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
; . | TBO, TB1, TB2 16-bitX 3 
Serial 1/O (UART or clock synchronous serial I/O) X2 
Watchdog timer 12-bitX 1 


3 external types, 16 internal types 
Interrupts . ps 
(Each interrupt can be set the priority levels to 0 ~ 7.) 


Clock generating circuit . Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 


Power dissipation | 95mW(at external clock 25MHz frequency) 
Input/Output voltage 


Input/Output characteristic 
Operating temperature range —20~85°C 
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PIN DESCRIPTION 


Voc, Vss 


CNVss 





Clock output Output 


Power supply Supply 5 V410% to Vcc and 0 V to Vss. 
CNVgzg input Input This pin controls the processor mode. Connect to Vss for single-chip mode. 


Reset input hal 










To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


SE Enable output | Output Data or instruction read and data write are performed when output from this pin is “L”. 


AVcc, AVss_ | Analog supply input — 


Vrer 








Power supply for the A-D converter. Connect AVcc to Vcc and AVgg to Vssg externally. 





This is reference voltage input pin for the A-D converter. 


BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Reference voltage input 








PQo™~ P07 


Xin Clock input  tnpat | 
1/O 





1/O port PO 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 








If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 


Pto~P17 1/O port P1 1/0 in single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D1j5~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 











1/O port P2 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Dp) is input or output when E output is “L” and an address(Az3~ Aig) is 


output when E output is “H”. 
















P5o™~ P57 


P69~ P67 
P7o~ P77 
P8o~ P87 


\/O port P3 in single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 


roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 











1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P4, can be program- 
med for $1 output pin divided the clock to Xiy pin by 2. in microprocessor mode, P42 always has the func- 


tion as ¢; output pin. 








1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 





1/O port P6 1/0 | In addition to having the same functions as port PO in single-chip mode, these pins also function as !/O 
pins for timer A4, external interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO, timer Bt, 
and timer B2. 


I/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 





I/O port P8 /O In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


The M37702M6BXXXFP has the same functions as the 


M37702M2BXXXFP except for the following: 


(1) The ROM size is 48K bytes. 
(2) The RAM size is 2048 bytes. 


Therefore, refer to the section on the M37702M2BXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


ADDRESSING MODES 


The M37702M6BXXXFP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 


for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 


The M37702M6BXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


00000016 


Bank Ore 


OOFFFFic¢ 
010000). 


Bank 1 16 


O1FFFFi¢ 


FEO0000¢ 


FEFFFFy¢ 
FF0000\¢ 


Bank FF 46 


FFFFFF ig 


Fig. 1 Memory map 


000000;, 
00007 Fi. 
000080). 


00087F 1, 


004000,¢ 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M387702M6BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 3 sets) 


Peripheral devices 


Internal RAM control registers 
2048 bytes 





N\ 
00007F ;. 


Interrupt vector table 


| 
Timer B2 
Timer B1 
Timer BO 
Internal ROM 


48K bytes 


Timer A3 


Timer A1 
Timer AO 


INTo 
Watchdog timer timer 
DBC 
BRK instruction 


Zero divide 
RESET | 
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ABSOLUTE MAXIMUM RATINGS 


Symbol 
| Voc __| Supply voltage 









pe ee ee 


| V,; _| Input voltage RESET, CNVss, BYTE —0. 3~12 


Unit 
ae 
have a 
bee 
Input voltage POg~PO07, P19~P17, P29~P27, P3p~P3sz, 
as | 
mw 


V 
V 
Vv 










P89~P87, Vrer, Xin 


ve Output voltage POp~P07, P1p~P17, P2>~P27, P3p~P3s, 






P49~P47, P5p~P57, P6y9~P67, P7>~P77, 
—0. 3~Vec+0. 3 


P49~P4z, P5o~ P57, P69~ P67, P7o~P77, 
P8)~P87, Xour, E 








Voc 

Vi 

Vi 

Vo 

Opering tera ee 
Storage temperature —40~150 








RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°C, unless otherwise noted) 


Symbol Parameter 
Typ. 


l Veo | Supply voltage 
Analog supply voltage Ve 
Vee | Suppywotage 
High-level input voltage PQg~P07, P3p~P33, P4p~P4z, 
P5o9~P57, P69~P67, P7>~P77, 
P8)~P87, Xin, RESET, CNVss, 
BYTE 


2) 





High-level input voltage P1p~P17, P29~P27 





(in single-chip mode) 
High-level input voltage Pig~P17, P29>~P27 


microprocessor mode) 


Voec 
Vss 
Low-level input voltage PQg~P07, P389~P33, P4p~P4z, 
V P5o~P5r, P69~ P67, P7 9~P77, 
IL P89~P87, Xin, RESET, CNVss, 
BYTE 
Vit 





oa 
ro) 


Low-level input voltage P19~P17, P29~P27 
(in single-chip mode) 


Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode ) 
High-level peak output current POQg~P07, Plo~P17, P29~P2z, 
lon( peak) P39~P33, P4o~P47, P5p~ P57, 
P69~ P67, P79>~P77, P89~ P87 
High-level average output current POg~P07, Plg~P17, P2p~P2z, 
lon(avg) P39~P33, P4p~P47, P5p~P57, 
P69~ P67, P79>~P77, P89~P87 
Low-level peak output current POp~P07, Plp~P17, P29~P27, 
lo-(peak) P3p~P33, P4o~P47, PSp~P57, 
P6p~P67, P7p~P77, P89~P87 
Low-level average output current POg~P07, Plp~P17, P29~P27, 
lo-vavg) P39~P33, P49 ~P47, P59 ~P57, 
P69~P67, P7o>~P77, P89~ P87 


f(Xin) External clock frequency input 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25°, f(Xin)=25MHz, unless otherwise noted) 


mbol Parameter Test conditions Unit 
Min | typ. [Max 


High-level output voltage POg~P07, Pip~P17, P29~P27, 
P30, P3,, P33, P4o~ P4,, 
lon= —10mA 
P5o~ P57, P69~P6;, P7o~P7;, 
P89~ P87 
High-level output voltage POo~P07, Plp~P17, P29~P27, 
lon= —400u A 
P39, P31, P33 


High-level output voltage P32 


lox= —400u A 


High-level output voltage E on ne 
ign-level outpul voltage 
9 . ? lon=—400 uA 


S 
Vou 
Von 
Low-level output voltage PQ9~P07, P19~P17, P29~P27, 
P3o, P3;,, P33, P4o~ P4,, ‘ 
loL=10mA 
Vou P5o~P57, P6p~P67, P7>~P77, 
P89~ P87 
Low-level output voltage POg~P07, Pl9o~P17, P29~P27, 
lop =2mA 
P3o, P3i, P33 
lo. =10mA 
VoL Low-level output voltage P32 
lop=2mA 


= , lop =10mA 
VoL Low-level output voltage E 
lop =2mA 








V Vv Hysteresis HOLD, RDY, TAQ\y~TA4in, TBO ~TB2in, 
Laid INTo~INTs, ADtra, CTS, CTS;, CLKo, CLK; 


Hysteresis RESET 





High-level input current PQg~P07, Pip~P17, P29~P27, 
P39~P33, P49 P47, P5p~ P57, 
5 uA 
P69~ P67, P7o~ P77, P8~ P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current P0g~P07, P1p~P17, P29>~P2z, 
P39~P33, P4g~P47, P5p~P5z, . 
0 3, P4o 7, P90 7 V.=0V = jek 
P69~P6r, P79~P77, P8>~P8;, 
Xiw, RESET, CNVss, BYTE 


a) 
fie 
RAM hold voltage When clock is stopped. 2 a a aS 


: f( Xin) =25MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 


are Vss during reset. Ta=85C when clock 
is stopped. 








loc Power supply current 


[Teton SSCS~S~S~S~S reg 
P—Tabsotte accuracy —SSSCS~*dS Me 
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TIMING REQUIREMENTS (Vcc=5V+#10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
‘External clock input 











Limits 





Parameter 












External clock input cycle time 
Externa! clock input high-level pulse width 
External clock input low-level pulse width 


tes = cn, rail External clock rise time 
| te External clock fall time 
Single-chip mode 





Limits 









Unit 









Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P5 input hold time 
Port P6 input hold time 


Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 30 
RDY input setup time 55 


Limits 





Unit 








30 








HOLD input setup time 55 
HOLD input hold time 
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Timer A input (Count input in event counter mode) 3 









to(ta) TAijy input cycle time 
tw(TAH) TAi input high-level pulse width 


TAiiy input low-level pulse width . 









Timer A input (Gating input in timer mode) 


Twin, [wan 
Micca) | TAininpt yeietme——SCSC“‘“‘S*SC“*‘S*S*SC“s*s*s“‘“‘SSSSSSCSCSC 
i a 

1 





TAiiy input high-level pulse width 
twlrais TAiy input low-level pulse width 









Timer A input (External trigger input in one-shot pulse mode) 


Limits 


te(ta) TAiiy input cycle time 


TAiy input high-level pulse width 
TAiy input low-level pulse width 








Timer A input (External trigger input in pulse width modulation mode) 


TAiwy input high-level pulse width 
TAiin input low-level pulse width . 





Timer A input (Up-down input in event counter mode) 


Mtowe) | TAioninput iets ———SOSCSC~“‘“~*S*S*“‘*SCSC“‘“s~“<“<“<C 0 
 twcure) | TAiour input high-level pulse width ———SSSCSCSC~“~S~*~“~*~“~“~“<~<S*S~STY 000 | 
Ftwiuer) | TAlour input tow-level pulse widh S100 
«00 | [ns 
F tty —[ TAloys Input hold tine a7 
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Timer B input (Count input in event counter mode) 


Symbol 


TBijy input cycle time (one edge count) 
TBijy input high-level pulse width (one edge count) 
TBiy input low-level pulse width (one edge count) 





Parameter 





TBijy input cycle time (both edges count) 
TBiy input high-level pulse width (both edges count) 
TBiiy input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


Symbol Parameter 


TBijy input cycle time 





TBi input high-level pulse width 
TBiy input low-level pulse width 





Timer B input (Pulse width measurement mode) 


TBiyy input cycle time | 320 | 
TBiy input high-level pulse width | 160 | 
160 | 






TBiy input low-level pulse width 








A-D trigger input 


ADzre input cycle time (minimum allowable trigger) 
AD+tre input low-level pulse width 





Serial I/O 


Symbol Parameter . in| 


CLKj input cycle time 200 
CLKj input high-level pulse width 100". 
CLKj input low-level pulse width 

7 
















thic—a) TxDj hold time 
RxDj input setup time 


RxDj input hold time 





External interrupt INTj input 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Voo=5V-E10%, Vss=0V, Ta=25°, f(Xy)=25MHz, unless otherwise noted) 
Single-chip mode 


Limits 
Symbol Parameter | Test conditions Fe Unit 


Port PO data output delay time | | 80 
Port P1 data output delay time Sars 
Port P2 data output delay time a 
Port P3 data output delay time | Ts 80 
Port P4 data output delay time Fig. 2 | | 80 | sons 
Port P5 data output delay time | oT 80 
Port P6 data output delay time aan ee 
Port P7 data output delay time . He ie: 280i Us 
Port P8 data output delay time | | 80 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol Parameter Test conditions 


Port PO address output delay time 
) 





















Limits 






Unit 









E 








ae 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H”) 
E pulse width ; 


> ‘S 










oi 
oO 


a 





No | pol po _ _ <a 
O;O;NM ao} nh O61; RN NO 








— | — i ow] 

loo Ree) co; CO} © 
_ 
© 


_ 
oo 








o1i— 
oO; o 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions 
td(poa—e) Port PO address output delay time 
td(e—P1Q) Port P1 data output delay time (BYTE=“L”) 


tpxz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 














td(p1a—e) Port P1 address output delay time 





td(p1a—ace) | Port P1 address output delay time 
td(e—p2aQ) Port P2 data output delay time 











tpxzZ(e—pe2z) | Port P2 floating start delay time 





td(p2a—e) Port P2 address output delay time 


Port P2 address output delay time 

HLDA output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 
td(rR/w—_e) R/W output delay time 

¢; Output delay time 
th(e—poa) Port PO address hold time 
thcaLe—p1a) | Port P1 address hold time’ (BYTE=“L”) 
thte—Pp1aQ) Port P1 data hold time (BYTE=“L”) 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 
th(E—P1a) Port P1 address hold time (BYTE=“H”) 
thcaLe—p2a) | Port P2 address hold time 





























th(e—p2Q) Port P2 data hold time 








tpzx(e—pe2z) | Port P2 floating release delay time 


BHE hold time 


R/W hold time 


twi(eEL) E pulse width 








Fig. 2 Testing circuit for ports PO~P8, 4, 
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TIMING DIAGRAM tr tf tc 
Single-chip mode fwir) two) 
f(Xin) 
cE es ae i 
ny tdie—pog) . 
Port PO output Xx 
tsu(eoo—e) yess 
Port PO input & th(e—pop) 
at tdie—Pia) 
Port P1 output xX 
tsu(e10—e) = 
| ee 
Port P1 input thie—Pip) 
= | td(e—p2q) 
Port P2 output xX 
tsu(p20—e) pasa 
a 
Port P2 input thie—P20) 
ag td(e—p3q) 
Port P3 output e N 
tsu(p30—e) 1 
. 
Port P3 input La thie—pap) 
wt td(—e—paq) 
Port P4 output Xx 
tsu(pap—e) aa 
Port P4 input thie—Pao) 
nag tdie—psa) 
Port P5 output X 
tsu(psp—e) — 
Port P5 input S thie—Pso) 
nag td(e—P6aq) 
Port P6 output _X 
tsu(peo—€) 
— 
Port P6 input A th(e—Pep) 
ay td(e—p7aQ) 
Port P7 output x 
tsu(p7p—-e) peal 
Port P7 input _ th(e—p7p) 
aaa td(e—psa) 
Port P8 output xX 
t = 
Su(P8D—E) i 
Port P8 input i th(e—pep) 
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toita 






twitan) 





TAiy input 


to(up) 


TAiour input 


TAigyrt input 
(Up-down input) 


in Event counter mode 


TAin input 


(When count by falling) hig uel) MeUUE= hai 


TAin input 
(When count by rising) 


TBiy input 





tc(ap) 








ADrrg input 


te(cK) 


| be ee 


rr 


thic-a) 


TxDj 


tdic—a) 


tsu(p—c) thic—o) 








RxD; 


INT; input 
| tWdinH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1") 


mi 
~ 


RDY input 


(When wait bit = “0”) 


$y 


m| 
~ 


RDY input 


(When wait bit = “1” or “0” in common) 


oy 


th( ¢;—HOLD) 


tsu(HoLD—¢;) 


HOLD input 






td(4,;—HLDA) td(4,—HLDA) 





HLDA output 


Test conditions 

* Voc= 5 VE10% 

* Input timing voltage : V,_=1. OV, Vi4y=4. OV 

* Output timing voltage : Vo, =0. 8V, Von=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


oy 


mi 





th(ace—Pt1a) 


(Ap~A7) 
=I _ tezx(e—P1z) 


| 
Port P1 output =, Address 
(Ag~Aj5/Dg~Djs) 
(BYTE="L") d(P1a— ALE) a 
Port P1 output 
(Ag~Ais) 
(BYTE="“H") thie—p1D) 
Port P1 input 





tezx(——p2z) 


rt 2 ail =p — << 


(Aig~Az3/Do~Dz) 
_td(p2a—ace) 
d(e—p2aQ) 
Port P2 input 
W (ALE) 
C(ALE—E) 
Port P32 output 
(ALE) 





-—+—. thie—pe2p) 


canes E) ro the 
BHE) 
(BHE) 
tdi r/w—-e) thiccans 


Port P3, output 
(R/W) 
Test conditions 
com 5 V+10% 
* Output timing voltage * Vo. =0. BV, Voy=2. OV 
* Ports P1,P2 input > Vip =0. BV, Vip=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


(Xin) 


gy 


ml 


Port PO output 


(Ao~Az) 


Port P1 output 


(Ag~Ais5/Dg~ Dis) Address 
(BYTE="L") 2 


Port P1 output 
(Ag~Ais) . 
(BYTE=“H”) 


Port P1 input 


Port P2 output 


tc 


an 


| 


tdie—4)) 


.. 


tdie—4;) 
tw(eL) 


d( POA—E) 
—— 
is 





tezx(eE—p1z) 


7 boats) meee eee --- Address 


texz(—e—P1z) 









th(aLe—P1a) < 






td (P1A—ALE) 


a thie—p1p) 








th( aLe—p2a) Pye texz(E—pe2z) tezx(e—P2z) 
fee  lesilicasessokan au 


Port P2 input 


Port P3. output 


tsu(p20—e) 


Sy th(e—p2p) 





i 


a =F 
ml 
td(ace—e) 








(ALE) 
sii 
th(e—BHE) 
Port P3, output | 
(SHE) . aa 
ieee 
thie—r/w) 
Port P3o output 
(R/W) 
Test conditions 
Vec= 5 V+10% 
* Output timing voltage : Vo. =0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Viy==2. 5V 
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DESCRIPTION 

The M37702M6LXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The strong point of the M37702M6LXXXFP is the low supp- 
ly voltage. 


DISTINCTIVE FEATURES 


® Number of basic instructions eee w enews sewer eecce newer eesererce 103 
@ Memory size ROM peer m ence rece roc senrecerensenes 48K bytes 
RAM Serer errr eee eee ae er eee 2048 bytes 

@ instruction execution time 
The fastest instruction at 8 MHz frequency :*-:::::* 500ns 
@ Single low supply voltages: sss srr 2.7~5.5V 


Low power dissipation 
(At 3V supply voltage, 8 MHz frequency) -- 12mW (Typ.) 
(At 5V supply voltage, 8 MHz frequency) -- 30mW (Typ.) 


@ Wide operating temperature range::--*------"- —40~85°C 
@ Interrupts voces tet ee eee eee es 19 types 7 levels 
@ Multiple function 16-bit timer -:----\7 1 5+3 
@® UART (may also be synchronous) iiheictelt-c deste ailanietes, eote-s'areteae's 9 
@ 8-bit A-D converter - srr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)---+--- iti 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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PIN CONFIGURATION (TOP VIEW) 


AVss 
i=] Vrer 

AVcc 

Vec 


3] 
3 | 


=]<+ P77/AN7/ADsRa 
Vss 


1&|+> P89/CTSo/RTSo 


Elbe P7,/AN, 
El — P7.2/ANo 
| | aa P73/AN3 
| — P74/ANg 
Ss | -~ P7s/ANs 
al+> P76/AN6 
ra ]<>+ P8,/CLKo 
|S | ai P82/RxDo 
'B]++ P83/TxDo 


3 | 
w 
3 | 
bo 


164} +> P8,/CTS,/RTS, 
+> P85/CLK, 
+> P8_/RxD, 
+> P8,/TyD, 
60] +> P0/Ag 

+> PO0,/A, 

+> P0./Ao 

+> P03/A3 

+> P04/A4 

+> P0</As 

+> P0¢/Ag 

++ P0,/A7 

+> Pio/Ag/Ds 
+> P1,/A9/Do 
+> P15/Aio/Dio 
+> P13/Aq3/D1, 
48] +> P14/Ai2/Dy2 
+> P15/Ai3/D13 
46] > P16/Ay4/Dy4 
+ P12/Ay5/Di5 
Aa} * P2o/Ay6/Do 
41] #» P2,/A,,/D, 
4] ee PPA. /D, 
«] PP A/D, 


P7>/ANy ++ [1] C) 
P6,/TB2,y > 
P66/TBtin +> 
P65/TBOny +> [4] 

P6,/INT, +> 

P63/INT, +> [6] 

P6,/INTy +> 
P6,/TA4ny +> [8] 

P6o/TA4our +> [2] 
P57/TA3in <> 
P56/TAS our +> [1 
P5s/TA2iy > 
P5,/TA2out +> 
P55/TAl iy > [14] 
P5./TAlour 
P5,/TAOQ > 
P5/TAQour + 
P4,/DBC* ++ [18 
P4,/VPA* +> [19] 
P4./VDA* <> 
P4,/QCL* +> 


P43/MX* +> 
Pol, + C) 
P4,/RDY +> 


O) 


= 
or) 
~] 
~ 
ro) 
no 
< 
ep) 
ake 
x< 
~x< 
x< 
al 
U 


i 


RESET —|8| 


fe 
= 
—_ 


P27/Ao3/D7 + i=. 


XIN —> [8] 


Xour + [8] 
E +[§| 
| 


P39/R/W 7 
Ds et ks 


BYTE — [3] 
P3,/BHE *-[E! 


CNVss 
Vss 
P33/HLDA «+ [2] 

P30/ALE + [FE] 
P25/Az2,/Dz ~~ > 


P4,>/HOLD <[8| 
P26/A22/De > fe 


P24/Az 


Outline 80P6N-A 


*: Used in the evaluation chip mode only 
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M37702M6LXXXFP BLOCK DIAGRAM | Reference Bus width 





Clock input Clock output Enable output Reset input (5vV) Oy | (OV) (5V) voltage input selection input 
Xin oe a= RESET Voc en AVss AVoc Vrer BYTE 


instruction Register (8) 







































91607 onawuuyuy 


(8)"aq 40yNg eIeq K > 


(91)¥ 4oyejnwiNooY 
(91) s0yejnwNnooy 
(pz) sa}UueWSJ9U| 

(8)4aq 49yNg Beq 


(p2)va J9\s150y ssouppy Beg os 
(2) Wd 4e\siBey ssouppy wesBoig se 





(91)S 401UIOd YORIS 





(91)X saysiIBeay xepu| 
(OL)A 40)8159y xepu| 
(91) dda Jaisibey eBeq youd 
(91)al seys16ey seyNg ynduj 
_(8)40 49381604 yUeg BQ 
(8)Dd seisiBoy yueg wesbog 
(oz) 49JUGWI9IIGG /IBJUBW9I9U} 
(8)%D s99Ng eNeNH uoNONAsUy 
(8)'® seyNg enanyH uoAONysUy 
(8)9D seyng aneno uononsysul 





(LL) Sd Je1sIBey snyeig Jossad01g 
(91)Od 40}UN0D wesBOlg 





Timer TA4(16) 
Timer TA3(16) 


Timer TA2(16) Timer TB2(16) ue 
48K ens 2048 Bytes | | Timer TA1(16) | | Timer TB1(16) 
Timer TAO(16) Timer TBO(16) UART 0(9) A-D Ne 


ae Lat Lat 4 Ltt 


sng ssouppy 
(PPO)sng ejeq 



















Wa eee SS ee hE ES ee 
sear tg ora rw eer oe meray ere Input/Output Input/Output Input/Output . Input/Output = = ——s Input/Output 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 


scan ee Seen Sak eke SO Ba 
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FUNCTIONS OF M37702M6LXXXFP 


Parameter 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 















| ROM 
ae 2048 bytes 
P ; P8 
3 









12-bitX 1 
3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 


Multi-function timers 











Serial I/O 


A-D converter 








Watchdog timer 


























interrupts 












Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 





Supply voltage 









12mW(at 3V supply voltage, external clock 8MHz frequency) 







Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 








| Input/Output voltage 











Input/Output characteristic 








5 mA 
Maximum 16M bytes 
—40~85°C —_ 
CMOS high-performance silicon gate process —_ 
80-pin plastic molded QFP = 


| Output current 













Memory expansion 















Operating temperature range 













Device structure 















Package 
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PIN DESCRIPTION 


Power supply Supply 2. 7~5. 5V to Voc and 0 V to Vgs. 
Input This pin controls the processor mode. Connect to Vss for single-chip mode. 


Input 


CNVss input 


Reset input 


Clock input Input 
Clock output Output 
EO Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 


BYTE Bus width selection input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 
AVcc, AVss_ | Analog supply input Power supply for the A-D converter. Connect AVcc to Voc and AVsgg to Vsg externally. 
Reference voltage input This is reference voltage input pin for the A-D converter. 


REF 
PO~PO, | 1/0 port PO 
_ 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 


quired time. 










These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xoyur. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 

















In single-chip mode, port PO becomes an 8-bit !/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 









In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 

lf the BYTE pin is “H” that is an external data bus is 8-bit width, only address(Ajs~Ag)is output. 
P29~P27 I/O port P2 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Az3~Aj@) is 
output when E output is “H”. 





P39>~P3, ‘| 1/0 port P3 


P4y~P4, I/O port P4 


P5e~P5, | VO port PS 
1/0 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 















In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be program- 
med for ¢, output pin divided the clock to Xin pin by 2. In microprocessor mode, P4, always has the func- 
tion as ¢, output pin. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 


P69~ P67 1/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INT, INT;, and INT2 pins, and input pins for timer BO, timer B1, 


and timer B2. 


P7y>~P7, | I/O port P7 : 


In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


P89~ P87 1/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 

The M37702M6LXXXFP has the same functions as the 
M37702M2BXXXFP except for the following: 

(1) The ROM size is 48K bytes. 

(2) The RAM size is 2048 bytes. 

(3) The reset circuit is different. 

Refer to the section on the M37702M2BXXXFP. 


RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 
~5.5V. Program execution starts at the address formed by 





Address 


Port PO data direction register (04146)°:° 0046 





Port P1 data direction register (0516)°°° 0046 


Port P2 data direction register (0816)°"° 0046 


Yl o/9}0 


0046 





Port P3 data direction register (0916)°°° 


Port P4 data direction register  (0C4,)--- 





Port P5 data direction register (ODj.)-:: 0016 





Port P6 data direction register (1016): 00:6 








Port P7 data direction register (1446)°°° 0046 





Port P8 data direction register (1446)--- 00:6 


o|ojojo]2}2|? 
~ DDK 


(3016)°°° 006 


A-D control register (1Eye)°° 


A-D sweep pin selection register (1Fi,): 


UART 0 Transmit/Receive mode register 








UART 1 Transmit/Receive mode register (3816)°°° 0016 


XXX 


0} 0) 0) 
XXX 
ofolojojojol1 
‘ofolojolojol1lo 


XXXM9}9/0 0 


0046 





UART 0 Transmit/Receive control register0  (3446):°° 


UART 1 Transmit/Receive control registerO (3C46)--: 


UART 0 Transmit/Receive control register1 (3546)°:° 











UART 1 Transmit/Receive control register!  (3D4,6)-°: 





Count start flag (40,6)°" 


One-shot start flag (42.6)¢° 


Up-down flag (4416): 


Timer AO mode register (5616)°°° 0046 


Timer A1 mode register (5716)°°° 0016 


Timer A2 mode register (5846)°°° 0016 





Timer A3 mode register (5916)°": 0046 


Timer A4 mode register (5Ai6)**° 0046 


9]1 Xo] 0} 0) 
9} 1X0] 0] 0 
9}1)XJo}o} 0) 


Microcomputer internal status during reset 


Timer BO mode register (5Bis)°* 


Timer B1 mode register (5Ci6)"* 


Timer B2 mode register (5Dig)**: 


Fig. 1 





setting the address pins Ao3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF,.¢, and A7~ Ag to the contents of 
address FFFE4g. 

Figure 1 shows the status of the internal registers when a 
reset occurs. 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. 


Address 





Processor mode register (5Ei6) °°: 0016 








Watchdog timer (6016)°"° FFF ig 


(6110) XXX 2 
(70.0) XDD 0 | 0/0] 
XXX 9} 0} 0] 0 


Watchdog timer frequency selection flag 
A-D conversion interrupt control register 
(7146)°*° 


(7216) 


UART 0 transmission interrupt control register 


10 


UART 0 receive interrupt control register 





” eet lol 


UART 1 transmission interrupt control register (7316)°"° 


UART 1 receive interrupt control register (7446)°°° 





Timer AO interrupt control register (7516)°°° x) 


(7610) XXX 0 00] 0 
(7716)-"" J XXX 2 0/0] 
(7816)-"° XXX 2/2] 0) 
(7916) [XDXXDX 0/0 [0 
(7A) DOXDX 0 
XXX 9) 
XXX 9] 


X010/0 


/\ 


Timer A1 interrupt control register 
Timer A2 interrupt control register 


Timer A3 interrupt control register 


ES 
|e |Le |Le| 


Timer A4 interrupt control register 


Ba 
= 


Timer BO interrupt control register 


SX 


Timer B1 interrupt control register (7Big)* 


Se 
2S 
2s 


Timer B2 interrupt control register (7Ci6)*"° 





INT 9 interrupt control register  (7Di,)-"" 


INT ; interrupt control register  (7Ej6) °°" 


es 
a 


(7Fig) 


A 


eS 


INT 2 interrupt control register 


IS 








— 


~ 

~ 
° 
cl 
° 


iy 


0/0/90 


eS 

es 

Ss] 2/5 
a[s[slelelels 
|» Le jLe [Le le |Le jle | 








Processor status register PS 
Program bank register PG 0016 


Program counter PCy Content of FFFFi¢ 





Program counter PC, Content of FFFEi., 





Direct page register DPR 0000,. 


Data bank register DT 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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M37702M6LXXXFP 


RESET 


Fig. 2 Example of a reset circuit (perform careful 





evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


000000. 
Bank O16 


OOFFFF i. 
010000). 


FEO000i6 


Bank FEi.¢ 


FEFFFFi¢ 
FF0000;¢ 


Bank FFi¢ 


FFFFFFi¢ 


Fig. 3 Memory map 


000000;, 
00007Fi¢ 
000080;¢ 


0040001. 


\ 
OOFFD6 6 \ 


\ 


OOFFFFi¢ 





ADDRESSING MODES a 
The M37702M6LXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702M6LXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M6LXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 


Peripheral devices 
Internal RAM control registers 


2048 bytes 


Interrupt vector table 


Timer B2 
| 
Timer A2 


INTo 
Watchdog timer 


BRK instruction 


internal ROM 


48K bytes | 
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ABSOLUTE MAXIMUM RATINGS 


NS Te (CCE 
Aves [Anson sun wiiage SSSSCSCSC~C~“‘SOS 


Input voltage POg~P07, Ptp~P17, P29 ~P27, P39~ P33, 
P49~P4,, P5p~ P57, P69~ P67, P7o~P77, 
P8o9~P87, Vrer, Xin 



















ae 

Loved 

hee 

—0. 3~Vect0. 3 | 

P8y~ P8;, Xour, E av 
mw _| 


Voc 
Vi 
Vi 
Vo 
| Pq | Power dissipation mw 










Output voltage PO9~P07, Pip ~P17, P29~P27, P39 ~P3s, 
P49~ P47, P5o9~ P57, P69~ P6;, P7o~P7,, 


Vv 
Vv 
V 
Vv 
V 


—0. 3~Voc +0. 3 





Operating temperature —40~85 


Storage temperature —65~150 














Tst C 





RECOMMENDED OPERATING CONDITIONS (Vcc=2. 7~5. 5V, Ta=—40~85C, unless otherwise noted) 


Symbol — Parameter 


27 | | 88] v_| 
Analog supply voltage Voc 
Supply voltage 
Analog supply voltage 
High-level input voltage POg~P07, P39~P3s3, P49~P4,, 
P5o~P57, P6g~P67, P7o~P77, 


P89~P8;, Xin, RESET, CNVss, 
BYTE 


| 
Vv High-level input voltage P1g~P17, P29~P27 V 
i (in single-chip mode) 
. 
V 
V 
V 





High-level input voltage P1g~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 

Low-level input voltage POg~P07, P39~P33, P49 ~P4z, 
P59~P57, P69~~P67, P7o~P77, 
P8)~P87, Xin, RESET, CNVgzg, 
BYTE 

Low-level input voltage P19~P17, P29~P27 





(in single-chip mode) 





Low-level input voltage P1p~P17, P29 ~P27 





(in memory expansion mode and 
microprocessor mode) 





High-level peak output current POg~P07, P1l9o~P17, P29~P2z, 
P39~P33, P49~P47, P5o~P5z, m 
P69~ P67, P79~P77, P89~ P87 


High-level average output current POg~PO7, Plo~P17, P29~P27, 
lon(avg) P39~P33, P4o~P47, P5p~P5r, =5 A 
P69~ P67, P79>~P77, P89~ P87 
Low-level peak output current POo~P07, Plo~P17, P29~P2z, 
lot(peak) P3o~P33, P4g~P47, PSp~P5z, mA 
P69~P67, P79>~P77, P89~P87 


Low-level average output current POg~PO07, Plop~P17, P29~P27, 
lov(avg) P3o~P33, P4o~P47, PSo~P5z, 





P69~ P67, P7o~ P7,, P8o~ P8, 








(Xin) External clock frequency input 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (vcc=5v, 


Parameter 


High-level output voltage POg~P07, P19p~P17, P29~P27, 
P35, P3;, P33, P4o~ P4,, 
P5o~ P57, P69~ P67, P79~ P77, 
P85~ P87 

High-level output voltage POQg~P07, P19~P17, P2o~ 
P39, P31, P33 


P2z, 


High-level output voltage P32 


High-level output voltage E 


Low-level output voltage POQ9~P07, P1l9p~P17, P29~P27, 
P3p, P3}, P33, P4 )~P4,, 
P59~P57, P69~ P67, P7o~ P77, 
P89~P87 

Low-level output voltage P0y~P07, P19p~P17, P2o~P2z, 
P3o, P3,, P33 





Low-level output voltage P32 


Vss=0V, Ta=25C, f( Xin) =8MHz, unless Penenpeiae: noted) 


| Limits 


a sl 


Test conditions 
Vec=5V, lonx=—10mA 
Vec=3V, lon=—1mA 


Voc=5V, lon= —400uA 


an 
| 48 | 
2.6 | 
=m 


Voc™=5V, lop=—10mMA 
Voc=5V, lon=— 400A 
Voc=3V, lon=—1mA 
Voc=5V, lon=—10mA 
Voc=5V, lonp=—400KA 


Voc=3V, lon= —ImA 


Vec=5V, loL= 10mA 





Vec=3V, loL=1 mA 





Voc=5V, loc-=2mA 





Voc=5V, loc= 10mA 
Voco™=5V, loL=2mA 
Voc=3V, locp=1mA 








Low-level output voltage E 


INT;~iNTo, ADune, CTSo, CTS;, CLKo, CLK; 


Hysteresis RESET 
Hysteresis Xix 


High-level input current POg~P07, Plo~P17, P29~P27, 
P3p~P33, P4o~P47, PS5o~P57, 
P69~P67, P7o>~P77, P89~P87, 
Xin, RESET, CNVgs, BYTE 

Low-level input current POg~P07, Plo~P17, P29~P27, 
P39~ P33, P4o~P47, P5p~P57, 
P69~ P67, P7o>~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 


RAM hold voltage When clock is When clock is stopped. = si 


Power supply current 






Parameter 


Resolution 





Rrapper 
tconv 





Absolute accuracy 





Ladder resistance 





Conversion time 





Reference voltage 





Analog input voltage 








Voc=5V, loL=10mMA 
Voc=5V, lop =2mA 
Voc=3V, lop=1mA 
Voc=5V 

Voc=3V 

Vec=5V 

Vec=3V 

Vec=5V 

Voc=3V 


























Vec=5V, Vi=5V 








Vec=3V, Vi=3V 








Vec=5V, Vi=0V 


_| Vec™3V, Vi=0V 
Voc=5V 
Voc=3V 


Ta=25°C when clock is 
ee 








ad 8MHz, 


ad waveform 


In single-chip 





mode output 





only pin is open 
and other pins 
are Vsg during 





reset. 












sneer 


Unit 


Max. 


= 
10 


2. Fs 
0 = Vv 


Test conditions 


Vrer=Voc 





Vrer=Voc 









Vrer=Voc 
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TIMING REQUIREMENTS (Voc=2. 7~5. 5V, Vsg=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 
External clock input 


External clock input cycle time 125 | | 

External clock input high-level pulse width | 50 | | 

External clock input low-level pulse width | 50 | | 
tr External clock rise time 

Lee TT os 


















Single-chip mode 












Symbol Parameter 






























tsu(pop—e) Port PO input setup time 











tsu(p1D—E) Port P1 input setup time 











tsu(p2D—e) Port P2 input setup time 











tsu(p3D—e) Port P3 input setup time 














tsu(paD—e) Port P4 input setup time 















tsu(esp—e) Port P5 input setup time 








tsu(p6D—E) Port P6 input setup time 


th(e—psp) Port P3 input hold time 
th(e—p4p) Port P4 input hold time 
th(e—psb) Port P5 input hold time 


th(e—rep) Port P6 input hold time 


Port P7 input hold time 
Port P8 input hold time 
Memory expansion mode and microprocessor mode 


Parameter 


Port P1 input setup time 





th(e—P7p) 



















th(e—psp) 


Symbol 





tsu(p1D—E) 


tsu(p2D—e) Port P2 input setup time | 80 | 
tsu(Rpy—¢,) | RDY input setup time | | 90 | 
tsu(HoLp—¢,) | HOLD input setup time i 90.) 





th(e—Pip) Port P1 input hold time 
th(e—p2pd) Port P2 input hold time 


th(¢;—RbDy) RDY input hold time 








th(¢,—HoLb) | HOLD input hold time 
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Timer A input (Count input in event counter mode) | 


i Limits - 


TAijn input cycle time 
TAiwy input high-level pulse width | 
TAin input low-level pulse width 1 





qn 
oO 







Unit 





NOE N 
on} o 








Timer A input (Gating input in timer mode) 


— rr 


Pet | 
TAin input high-level pulse width r s00 | | ons | 
TAiin input low-level pulse width 500 | fons 

















Timer A input (External trigger input in one-shot pulse mode) | 


ee tram 


can 

TAiin input cycle time | 500 | | ns | 
ae 
ee acl 


rae 
[re 





















Timer A input (External trigger input in pulse width modulation mode) 







mas 
| Min. | eh 


ae ee 
250 
| ins 







Symbol 


| 
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Timer B input (Count input in event counter mode) 













TBijy input cycle time (one edge count) | 200 | 
tw(TBH TBiy input high-level pulse width (one edge count) 125 
( ) 
TBijy input low-level pulse width (one edge count) 125 a 
TBijy input cycle time (both edges count) 500 aa 
TBiy input high-level pulse width (both edges count) | 2500 | | 
TBiw input low-level pulse width (both edges count) aa 


Timer B input (Pulse period measurement mode) 


pee 
| 1000 


[Max 
1000 |__| 
name 











TBi input high-level pulse width 
TBiy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBijy input cycle time fa 


TBiy input high-level pulse width 
TBiy input low-level pulse width 





A-D trigger input 


Symbol Parameter ; 
Min. 
tc(ap) ADrrg input cycle time (minimum allowable trigger) 2000 
tw(aDL) ADrtrg input low-level pulse width 


Serial I/O 


CLK; input cycle time | 500 | 

CLK; input high-level pulse width 250 a 

CLK; input low-level pulse width 250 aa 

TxDj output delay time ae 

TxD; hold time SS Oa s 
| 100 _| 
























RxDj input setup time 
RxDj input hold time 


External interrupt INTj input 


Symbol Parameter 





twanu) INT; input high-level pulse width 


INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS ie: 7~5.5V, Veg=0V, Ta=25, f(Xiv)=8MHz, unless otherwise noted) 
Single-chip mode _ | | | : 


; 
Symbol Parameter Test conditions 


td(e—Poa) Port PO data output delay time 


s 
td(e—p1aQ) Port P1 data output delay time Ss 
s 

s 


Min | 
ee 
ee ee n 
td(e—Pp2aq) Port P2 data output delay time | [300 | ons | 
| a) : 
ed 
ani 












WiWws) Ww 
o;1Oo 
O};O};O 





td(e—psa) Port P3 data output delay time 


W {Ww 
o;}Oo 
O);O 


Ww 
oO 
Oo 





td(e—p4aq) Port P4 data output delay time Fig. 4 
td(e—Psa) Port P5 data output delay time . 


W 
io) 
oO 


td(e—Ppsa) Port P6 data output delay time | 300 | 
td(e—p7a) Port P7 data output delay time | | 300° | 


Ww 
Oo 
io) 


td(e—psa) Port P8 data output delay time 


WwW 
Oo 
oO 










Memory expansion mode and microprocessor mode (when wait bit = “1”) 


td(poa—e) Port PO address output delay time 


td(e—Pp1Q) Port P1 data output delay time (BYTE=“L”) 
tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 


Limits 





Symbol Unit 


130 


ns 





—_ tdip1a—e) Port P1 address output delay time 






Port Pi address output delay time 


_ 
Oo 


__td(p1a—ace) 


Port P2 data output delay time 130 ns 


| 


tpxz(e—pe2z) | Port P2 floating start delay time 


(=) 
=] 
a” 


td( p2a—e) Port P2 address output delay time: 


= 
m 
7 
e 


td(p2a—ace) | Port P2 address output delay time 


oO A/oO ol 
O|;|o Oo}; oO io) 





td(¢,—Htpba) | HLDA output delay time 120 


=) 
an 





td(aLE—eE) ALE output delay time 


ic 


thi e—p1Q) Port P1 data hold time (BYTE=“L”) | 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 
thie—pia) _ | Port P1 address hold time (BYTE=“H”) 


th(ALE—p2a) Port P2 address hold time 


oS 
oO 
a 
” 


qn ga;o 
oO O;oO 









o1;o}]o 
O;o|;o 


thi e—p2a) Port P2 data hold time 


tpzx(e—pez) | Port P2 floating release delay time 
th(e—BHE) BHE hold time 
thce—rvw) | R/W hold time 


tw(eL) E 


i<e) 
oOo 


—_— | — on 
oO | c€ Oo 








E pulse width 210 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Parameter Test conditions 





td( poa—e) Port PO address output delay time 


td(e—p1aq) Port P1 data output delay time (BYTE=“L”) 





tpxz(e—p1z) | Port P1 floating start delay time (BYTE=“L") 
td(p1a—e) Port P1 address output delay time 


td(pia—ace) | Port P1 address output delay time 


td(e—p2aq) Port P2 data output delay time 








tpxzZ(e—pe2z) | Port P2 floating start delay time 








td(p2a—e) Port P2 address output delay time 








td(p2a—ace) | Port P2 address output delay time 
td(¢,—HLDa) | HLDA output delay time 
td(aLe—e) ALE output delay time 





tWw(ALe) ALE pulse width 








td(BHE—E) BHE output delay time 





tdi rR/w—e) R/W output delay time 








¢1 output delay time 

Port PO address hold time 
thcaLe—pia) | Port P1 address hold time (BYTE=“L”) 
th(e—Pp10) Port P1 data hold time (BYTE=“L”) 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L") 
thi e—pia) Port P1 address hold time (BYTE=“H”) 
thcaLe—p2a) | Port P2 address hold time 








thi e—p2aQ) Port P2 data hold time 
tpzx(e—p2z) | Port P2 floating release delay time 
thie—eue) | BHE hold time 

th(e—r/w) R/W hold time 





twee) E pulse width 





Fig. 4 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf tc 
Single-chip mode | 

(Xin) 

E 


na wr Sa 
y 


td(e—poa) 
Port PO output Py 


es 


tsu(pop—e) 


Port PO input mR th(e—pop) 
ang td(e—P1q) 
Port P1 output |X 
tsu(p10—e) pas 
ra 
Port P1 input thie—prp) 
| tdie—p2Q) 
Port P2 output X 
tsu(p20-) 
pal 
Port P2 input fs thie—p2o) 
i tdie—psa) 
Port P3 output BD. 
tsu(p3o—e) 
Port P3 input | th(e—psp) 
eg td(e—paq) 
Port P4 output Xx 
tsu(pan—e) —— 
Port P4 input thie—pap) 
iy tdie—Psa) 
Port P5 output |) N 
tsu(pso—e) pas 
Port P5 input - thie—Pso) 
— | td(e—p6a) 
Port P6 output Xx 
tsu(Peo—e) pata 
Port P6 input . . ba tine pe 
aan tdie—p7a) 
Port P7 output x 
tsu(p7D—e) 
Port P7 input | \ mea 
—P7D 
ay td(e—psa) 
Port P8 output x 
t = ‘ 
Su(P8D—E) _aaeed 
Port P8 input ie thee<ban) 
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toi TA) 








tw(taH) 


TAiwn input 


tc(up) 





tw(uPH) 





TAiour input 


TAiour input 
(Up-down input) 


in Event counter mode 


TAiw input 
(When count by falling) 

EE! Te ey ins 
(When count by rising) 


tc(1B) 


TBin input 





tevap) 
ADrrc input 
te(ck) 
10 ae a 
tsu(p—c) thic-p) 
ee 
RxDj 





tWant) 


INT; input 
tw(InH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


mi 
~ 


RDY input 


(When wait bit = “0”) 


oy 


mi 
~~ 


RDY input 


tsu(rov—4)} — th(,;—Rby) 


(When wait bit = “1” or “0” in common) 


$y 
tsu(HoLD—4,) th(4,;—HoLp) 


HOLD input 






td(¢;—HLDA) td(4,;—HLDa) 


HLDA output 


Test conditions 

* Voc=2. 7~5. 5V 

: Input timing voltage : Vi.=0. 2Vec, Vin=0. 8Vec 
* Output timing voltage : Vo_=0. 8V, Vo4=2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


(Xin) 


¢; 


mi 


Port PO output 
( Ao~ A ? ) 


Port P1 output 


(Ag~Ai5/Dg~Dy5) 


(BYTE="L") 


Port P1 output 
(Ag~ Ais) 
(BYTE="H’") 


Port P1 input 


Port P2 output 


(Aie~Az3/Do~ D7) 


Port P2 input 


Port P32 output 


(ALE) 


Port P3, output 


(BHE) 


Port P3, output 
(R/W) 


twi) 


Test conditions 


: Voc=2. 7~5. 5V 


tf tr tc 
tw(H) 


tdie- 44) 


fp = 
ice ae eee 


thi ace—P1a) 


a 
(ses | 
=< 


(| Adaress Address |) 
tices Sail: texz(—E—p 22) tezxie pez: 
nia neg | 
fea phe ~- === 4-1 


Daa as 
_td(p2a—ace) 
td(e—p2a) 


— thi e—pe2p) 
tw(ace) 
—— td(acte—e) 


= Address 

















td(BHE-E) th(e-BHe) 
tdir/w—-e) thie—rw) 


* Output timing voltage * Vo_=0. 8V, Voy=2. OV 


+ Ports P1, P2 input 


; Vii=0. 16Vec, Vin=0. 5Voc 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 


(Xin) Fa 


?y 
td(e—44) 
td(e—9}) 


td(poa—e) 
aoe 
Port PO output (| address = | DX | Address =|) 
(Ag~A;) =i 


mi 


tpzx(E—P1z) 
Port P1 output 
(Ag~Ai5/Dg~Dyj5) 
(BYTE="L") 


- Address 





ete _ 


tezx(e—P2z) 


Port P1 output 
(BYTE=“H”) 


Port P1 input 





Port P2 output 
(Aie~Az3/Do~Dz) 


jaa th(e—p2p) 
Port P2 input 


- Address 






td(aLe—-e) 
Port P3, output 
(ALE) 


td(BHE—E) 
fea th(e—BHE) 


(BHE) 
th(e—r/w) 


tdir/w—-e) 


Port P3, output 
(R/W) 


Test conditions 

* Voc™=2. 7~5. 5V 

* Output timing voltage : Vo.=0. BV, Von=2. OV 

* Ports P1, P2 input > Vir =0. 16Vec, Vin=0. 5Vec 
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DESCRIPTION 
The M37702M8BXXXFP is a single-chip microcomputer de- PIN CONFIGURATION (TOP VIEW) 
oO 
signed with high-performance CMOS silicon gate technolo- E 
gy. This is housed in a 80-pin plastic molded QFP. ids eee < 
This single-chip microcomputer has a large 16M bytes S22 e745 
address space, three instruction queue buffers, and two NNN 
data buffers for high-speed instruction execution. The CPU tht ett 
is a 16-bit parallel processor that can also be switched to Bo 
perform 8-bit parallel processing. This microcomputer is P7o/ANo +* 1 
suitable for office, business and industrial equipment con- P67/TB2y ** U2 oe eee cE 
quip P66/TBI1y + ++ P8,/R,D; 
troller that require high-speed processing of large data. P65/TBOw +> L4] +> P8,/T,D, 
The M37702M8BXXXFP has the same functions as the eoaINT 
M37702M2BXXXFP except for the memory size. 
< 
oO 
DISTINCTIVE FEATURES ay 
Oo) Number of basic instructions Cece nme c earner seen eeseeetsenseuse 103 “a 
@® Memory size °1@) \\ ee 60K bytes & 
RAM 6 el ove;'e, 6058.46 Wie: Bsa.e O09 ee ele a BINS Ie evens 2048 bytes P53/TAl pas x eps P1,/Ag/Dg 
® Instruction execution time PS2/TAlour ** s + Pl2/Ayo/Dio 
Oe atearaduencn eos 160 PS, /TAQy +* a > Pt5/Ay4/D44 
The fastest instruction at z frequency ns P59/TAQoyr + U > P14/Aio/D49 
e Single power supply veMorigh dete ecicenmian rebaeeeee eas eaes 5V+10% P4,/DBC* ++ > P15/A13/D13 
bs coins, AE P4g/VPA* ++ +> Pt,/A,4/D 
@ Low power dissipation (at 25 MHz frequency) P4./VDA* ++ ie Pe/A/D.. 
i FAN CCRR EI RAD Reda BREE wOF eered Le eenewueeet eee etame ets 95mW (Typ.) P4,/QCL* +> ++ P25/Ai6/Do 
® Int fa tases aareen eae a iereeneetenes 7 level P4/MX" ++ 3] P2,/Ay/D, 
n erup s : ~ 19 types 7 levels P4,/b, + - pasa, iB 
@ Multiple function 16-bit timer -::-+-- re 5+3 P4,/RDY +> at] <> P24/Ay9/Ds 
@ UART (may also be synchronous) --:7rttrtrr 2 oo 
e 8-bit A-D converter Ce merece ce cereesecereeseces 8-channel inputs { t { t { { { { 
Ww ~ © 0 F< 
@ 12-bit watchdog timer A [z's coe = 
@ Programmable input/output = 5 Seles 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)--s 68 go 


Outline 80P6N-A 
APPLICATION * : Used in the evaluation chip mode only 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 





NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
crocomputer. 
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) 









Data Bus(Even 
Data Bus(Odd) 
Address Bus 


| 
I 
| 
I 






(OL) pVL Jowiy 
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FUNCTIONS OF M37702M8BXXXFP 





Parameter Functions 
















Number of basic instructions 103 





Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
60K bytes 

2048 bytes 

PO~P2, P4~P8 8 -bitX 8 


TAO, TA1, TA2, TA3, TA4 16-bitx 5 


TBO, TB1, TB2 16-bit 3 
Serial 1/O (UART or clock synchronous serial 1/O) X2 


Watchdog timer 12-bitX 1 


3 external types, 16 internal types 

















Memory size 

















Input/Output ports 















Multi-function timers 












































Interrupts AY 
P (Each interrupt can be set the priority levels to 0 ~ 7.) 


















Ciock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 

95mW(at external clock 25MHz frequency) 

5V 

5mA 

Maximum 16M bytes 

—20~85° 

Device structure CMOS high-performance silicon gate process 


80-pin plastic molded QFP 


















Supply voltage 















Power dissipation 
















Input/Output voltage 

















Input/Output characteristic 
Output current 
























Memory expansion 














Operating temperature range 
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PIN DESCRIPTION 


Power supply Supply 5 V#10% to Voc and 0 V to Vsgs. 


CNV¢zg input Input 


Reset input Input 


Clock input 












This pin controls the processor mode. Connect to Vsg for single-chip mode. 
















To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 













These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be-. 
tween Xi and Xour. When an external clock is used, the clock source should be connected to the Xi pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Input 













Clock output 


Enable output 










Bus width selection input 











Analog supply input 


Reference voltage input 


1/O port PO 


Power supply for the A-D converter. Connect AVcc to Vcc and AVgg to Vssg externally. 


Input This is reference voltage input pin for the A-D converter. 















1/O In single-chip mode, port PO becomes an 8-bit !/O port. An !/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 












1/O port P1 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Djs~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 


If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 













1/O port P2 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 


rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Ag3~ Aj6)is 


output when E output is “H”. 
1/O port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 


roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 









P29~ P27 
P39~P33 






















I/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be program- 
med for ¢; output pin divided the clock to Xj, pin by 2. In microprocessor mode, P4. always has the func- 
tion as ¢, output pin. 



























I/O port P5 


P69~P67 1/0 port P6 1/0 
P7o~P77 1/O port P7 1/0 
P89~ P87 1/0 port P8 1/0 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer A4, external interrupt input INTo, INT;, and INT» pins, and input pins for timer BO, timer B1, 
and timer B2. 










In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 







In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS MACHINE INSTRUCTION LIST 
The M37702M8BXXXFP has the same functions as the The M37702M8BXXXFP has 103 machine instructions. Re- 
M37702M2BXXXFP except for the following: fer to the MELPS 7700 machine instruction list for details. 
(1) The ROM size is 60K bytes. 
(2) The RAM size is 2048 bytes. DATA REQUIRED FOR MASK ORDERING 
Therefore, refer to the section on the M37702M2BXXXFP. Please send the following data for mask orders 

(1) M37702M8BXXXFP mask ROM order confirmation form 
MEMORY (2) 80P6N mark specification form 
The memory map is shown in Figure 1. (3) ROM data (EPROM 8 sets) 


ADDRESSING MODES 

The M37702M8BXXXFP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


000000;¢ 00000016 
00007 Fi¢ 


0000801. 
Peripheral devices 
Bank 016 Internal RAM control registers 
2048 bytes 


OOFFFF 16 ae 
010000\6 00007F,, 


00087Fi¢ 
Bank 116 001000, 


O1FFFF\¢ 


Interrupt vector table 


A-D conversion 


Timer B2 

Timer B1 

60K bytes Timer BO 

Timer A4 

FECO00 Timer A3 


Timer A2 


Bank FE 16 Timer A1 
Timer AO 
| 


ee 
FF000016 


Watchdog timer 
OOFFD6), DBC 


Bank FFi6 : 
\ BRK instruction 
\ 


FFFFFF ig OOFFFF ic alia RESET 


Internal ROM 

















Fig. 1 Memory map 
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ABSOLUTE MAXIMUM RATINGS : | 


Symbol | Parameter | Conditions | Ratings, | Unit 
Supply voltage | v 
AVcc _| Analog supply voltage v 
V, Input voltage RESET, CNVss, BYTE —0.3~12 Vv 
V, Vv 
Vo V 


Input voltage PO p~PO07, Pig~P17, P29~P27, P3p~P33, 
P49~P47, P5p~P57, P69~P67, P79>~P77, . —0.3~Vect0. 3 
P89~ P87, Veer, Xin . 

















Output voltage POo~ P07, P1 o™~ P1 7 P29~ P27, P39~P33, . 
P4y~P47, PSp~P57, P6y~P67, P7>~P77, —0. 3~Vo¢+0. 3 





P8~ P87, Xourt, E 
Power dissipation 


Operating temperature 
Storage temperature 

















RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°, unless otherwise noted) 


— 
V 


Typ. 
: 
i High-level input voltage PO)~P07, P3p~P33, P4>~P4y, 
P5p~P57, P6y~P6y, P7>~P77, 
P89~P87, Xin, RESET, CNVsg, 
BYTE 


High-level input voltage Pip~P17, P29~P27 _ 
(in single-chip mode) 


High-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 













< 


dt 
ro) 
oy) 
oO 


Vcc 


> 
Oo 








Vin 


jo) 


co 
< 

QO 

0 

< 

ie) 

fe) 
ts 






jo) 


oo 
< 
Q 
0 
< 
Q 
fe) 
< 








0. 5Voc 


< 
a) 
re) 
< 












Low-level input voltage PO o~P07, P39p~P33, P4g~P4z, 
P5o~P57, P69~P67, P79~P77, 
P89~ P87, XIN, RESET, CNVss, 
BYTE 

Low-level input voltage P19p~P17, P29~P27 

(in single-chip mode) 


0. 2Vec 


z 





0. 2Vcc V 











Low-level input voltage P19>~P17, P29~P2, 
(in memory expansion mode and 
microprocessor mode) 










High-level peak output current POgp~P07, P19p~P17, P29~P2z, 
P39~P33, P49~P4z, P5o~ P57, 
P69~P67, P7o>~P77, P89~P87 
High-level average output current POo~P07, Plo~P17, P29~P27, 

P39~ P33, P49~P4;, P59~P57, 
P6~ P67, P79~P77, P89~ P87 
Low-level peak output current PQg~P07, P19~P17, P29>~P27, 
P3o~ P33, P4o~ P4,, P5o~ P57, 
P69~ P67, P7o~ P77, P8~ P87 
Low-level average output current POg~P07, Plo~P17, P29~P2z, 
P39~ P3s, P4o~ P4,, P5o~ P57, 
P69~ P67, P79~ P77, P89~ P87 








mA 












lon(avg) 












lo-(peak) mA 

















lo-(avg) mA 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo-(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 








MHz 


on on oOo 





External clock frequency input 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25'C, f(Xin)=25MHz, unless otherwise noted) 
| 








Parameter Test conditions 


High-level output voltage PO 9~ P07, P19o~P17, P29~P27, | 


P35, P3, P33, P4p~ P4,, 
P59~ P57, P69~ P67, P79~P77, 
P89~ P87 


High-level output voltage POg~P07, Plg~P17, P29~P2;, 
Vv lon=— 400 uA 4.7 
= P39, P3), P3g ~ 4 i - 















lox=— 10mA 

























Vou High-level! output voltage P32 





lox= —400uA 
lon=—10mA 3.4 


lon=—10mA 
48 | 
























Vou High-level output voltage E 



















































lon= —400uA 4.8 
Low-level output voltage POQ9~P07, P19 ~P17, P29~P27, 
P3o, P3;, P33, P4o~ P4,, 
Vv loL-=10mA 2 
a P5o~P57, P6g~P67, P79>~P77, a ¥ 
P89~ P87 ale 
Low-level output voltage POg~P07, P19p~P17, P29 ~P2;, 
VoL P3, P3, P3 lop =2mA 0. 45 V 
0» iD 3 | kes 
Vv Low-level output voltage P3 ac esltuihi ue Vv 
ow-level output voitage 
OL p g 2 ia oma 0. 43 























Low-level output voltage E 


lo-=10mA 1. 

















Hysteresis HOLD, RDY, TAOjj~TA4in, TBOiN~TB2n, 





























Sane 0. 4 Vv 
INTo~INTo, ADyrc: CTSo, CTS), CLKo, CLK; 

Hysteresis RESET 0.2 Hee, ll v 
Vr+—Vr— | Hysteresis Xin 0.1 ec <2! ve 











High-level input current POg~P07, P1p~P17, P29~P2z7, 

P39~P33, P49~P47, P5o~ P57, 

lis 0 3, P4o 7, P90 7 V,=5V 5 uA 

a P6o~ P67, P7o~ P77, P8o~ P8,, 

Xin, RESET, CNVss, BYTE 

Low-level input current PQo~P07, Plio~Pt17, P29~P27, 7 

P39~ P33, P4o~P47, P5p~ P57, 

fh 0 3, P40 7 0 7 V,=0V ae uA 

P6)~ P6,, P79~P7z, P85~ P87, 
Xiw, RESET, CNVss, BYTE 


“| (Xin) =25M Hz, 






























































19 38 mA 
In single-chip mode | square waveform 
. output only pin is Ta=25C when clock 
loc Power supply current 1 
open and other pins | is stopped. 
are Vss during reset. Ta=85C when clock 20 He 
is stopped. 





A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 


| Resolution Vrer=Vec 
| Absolute accuracy Vrer=Vec 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f( Xi.) =25MHz, unless otherwise noted) 
External clock input 


External clock input cycle time — 

External clock input high-level pulse width 
External clock input low-level pulse width 
ite External clock rise time 


External clock fail time 














Unit 


_—a ji asi 
O1); 01) © 








Single-chip mode 


Limits 
Symbol Parameter 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 
Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 





Unit 








a); HD 
oO;}oO 















oO;o 
pa 
! 





O;O!;oO 
53/5 
n|n 


a 
” 











oO 


ns 


Memory expansion mode and microprocessor mode 


Symbol Parameter Unit 


Max | 
0 
eae 
7 









Port P2 input setup time 30 
RDY input setup time 55 
HOLD input setup time ’ 55 


Port P1 input hold time | 


th(e—pe2p) Port P2 input hold time 
RDY input hold time 
HOLD input hold time 


















thi¢g —RDY) 


th(¢ ;—HOLD) 
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Timer A input (Count input in event counter mode) 


TAiin input cycle time 








TAiiy input high-level pulse width 
TAiin input low-level pulse width 











Timer A input (Gating input in timer mode) 


Symbol Parameter 
te(tTa) TAijy input cycle time 


TAiy input high-level pulse width 
TAi input low-level pulse width 











Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 


TAiin input cycle time 160 
TAin input high-level pulse width 
TAiin input low-level pulse width 





Timer A input (External trigger input in pulse width modulation mode) 


TAiin input low-level pulse width | 80 








Timer A input (Up-down input in event counter mode) 














tc( uP) TAiout input cycle time 


tw(uprH) TAigut input high-level pulse width 


tw(uPL) TAiout input low-level pulse width 1000 | 





Symbol Parameter Tin. _| 
200 








tsu(uP-tiy) TAiour input setup time 


TAiout input hold time 
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ry 





Timer B input (Count input in event counter mode) 


TBiy input cycle time (one edge count) 
TBijy input high-level pulse width (one edge count) 
TBijy input low-level pulse width (one edge count) . 

. . ) 





TBi input cycle time (both edges count 
TBijy input high-level pulse width (both edges count) 
TBiy input low-level pulse width (both edges count) 








Timer B input (Pulse period measurement mode) 


Symbol Parameter 


tc(tTB) TBijy input cycle time 


TBiy input high-level pulse width 
TBin input low-level pulse width 








Timer B input (Pulse width measurement mode) 


Symbol . Parameter 





tects) TBiin input cycle time 
tw(tBH) TBiyy input high-level pulse width 


TBiin input low-level pulse width 





A-D trigger input 


Symbol Parameter 


ADrreg input cycle time (minimum allowable trigger) 
ADtra input low-level pulse width 











Serial I/O 


Symbol 


CLK; input cycle time | | ons 






Parameter 












twicKL) CLK; input low-level pulse width | 100 | 
TxDj output delay time im =~] 
thic—a) TxD; hold time i. aaa 
Ftsuco-c) | FxDinputseuptme —SSC=“*~*~*“‘*S*S*S*S*S*S*S*S*S*S*~C~‘“*~s~‘s‘“‘“‘—‘~*~*s‘“‘s‘“—s*S*S*S*S*™S™:~*CiSSCSCSC*d 
[tnic-oy | FxDjinputhoidtime SOSC—C—CSCSCSC‘“~‘“‘“S*SSSSSCidC‘SE 












External interrupt INTj input : 





tWwUiNH) INT; input high-level pulse width . 
tWUNL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter 


td(e—poa) Port PO data output delay time 


td(e—pi1aq) Port P1 data output delay time 






Test conditions 











td(e—p2aQ) Port P2 data output delay time 





td(e—psa) Port P3 data output delay time 


td(e—p4aq) Port P4 data output delay time 


td(e—psa) Port P5 data output delay time 















td(e—p6aq) Port P6 data output delay time 


Port P7 data output delay time 
td(e—psaq) Port P8 data output delay time 








Memory expansion mode and microprocessor mode (when wait bit = 1”) 


td(Ppoa—eE) Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 









Port P2 data output delay time 
Port P2 floating start delay time 
td(¢,—HLba) | HLDA output delay time 


tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 
th(e—pt1a) Port P1 address hold time (BYTE=“H”) 
th(aLe—p2a) | Port P2 address hold time 

Port P2 data hold time 
tpzx(e—pe2z) | Port P2 floating release delay time 
th(eBHE) BHE hold time 


thie“ Rew) R/W hold time 
tweL) E pulse width 


























































oO 


: 
fo) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions Twin. | Max. _| Unit 


in. Max. 
Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 4 
Port P1 address output delay time 
12 
5 
22 


7) 











Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time | a2 es 
Port P2 address output delay time fF 5 | 
HLDA output delay time 
ALE output delay time ae 
ALE pulse width 
td(eHe—e) | BHE output delay time 
Port PO address hold time 


th(ace—pia) | Port P1 address hold time (BYTE="L”) 
th(e—p1Q) Port P1 data hold time (BYTE=“L”) 


Port P1 floating release delay time (BYTE=“L”) 


~thie—pia) | Port P1 address hold time (BYTE="H”) 


‘thtecese) Port P2 data hold time 


R/W hold time 
E pulse width 



































5 
io) 


8 
() 
— 
foe) 
a ” 








Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 
Single-chip mode 


t 
: tc twik t 
bl pail es . 


E 
ung tdie—pog) 
Port PO output x 
tsu( poo—e) = 
Port PO input thie—Pop) 
| tdie—p1aQ) 
Port P1 output Xx 
tsu(pip—e) 
a 
Port P1 input Is) thie—prp) 
ag tdie—p2Q) 
Port P2 output _X 
; tsu(p20-e) 
Port P2 input = thie—p2p) 
ay tdie—paq) 
Port P3 output x 
tsu(ps0—e) — 
Port P3 input zB th(e—psp) 
— ] td(e—psg) 
Port P4 output B. 
tsu(pao—e) 
— 
Port P4 input i thie—pao) 
rag tdie—psa) 
Port PS output Xx 
tsu(psp—e) 
— 
Port P5 input & thie—Psp) 
ney tdie—pea) 
Port P6 output PB. 
tsu(p60—e) paca! 
Port P6 input thie—pepo) 
tdie—p7a) 
Port P7 output \ 






tsuip7D—E? 


Port P7 input 
thie—p7p° 








Port P8 output 


nay tdie—psa) 


Port P8 input a thie—pap: 
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te(ta) 






tw(TAH) 


TAiwy input 


TAigut input 





TAiout input 
(Up-down input) \ 


In Event counter mode 


TAiin input 
(When count by falling) 


thity—uP) 


ya 
TAin input Es 
(When count by rising) 


tsu( UP—Tyy) 


TBi input 





tevap) 





ADrre input 


CLKj 


TxDj 


RxDj 


twat) 


INT; input ; 
— twonn) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


RDY input 


(When wait bit = “O”) 


gy 











RDY input 


(When wait bit = “1” or “0” in common) 


gy 


thi ¢;—HOLD) 


tsu(HOLD—¢;) 


HOLD input 






tdi g—HLDA) tdid)—HLDA) 





HLDA output 


Test conditions 
+ Vec= 5 VE10% 
- Input timing voltage : V;.=1.0V, Viy=4. OV 
* Output timing voltage : Vo. =0. 8V, Von=2. OV 
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ses 2D 


texz E—P12Z 





Memory expansion mode and microprocessor mode (When wait bit="1") 


onal 
— 
- 
— 


twiL) twin) Rel | 
f(Xin) : 


4 


td(e-¢;) 


a 


ide! 


eth 
fi i 


Port PO output 


Address. 
( Ao™ Az ) 


rE 


| 
Sr 






thiace—P1A) 
(Ag~Ais/Dg~D,5) 
. (BYTE=“L”) — 
Port P1 output | Address 
(Ag~Ajs) 


(BYTE="H") 


tezx.E—P1z) 


Address |. } —-—-—-—-— —_ Address 


td(e—P1a) 








tdipra—e) 
thie—P1a) 


ws 


if 
HT | 


moos 1) 
ae a — 
=x 


m texz(E—P 22) ) tezx. €—p2z 
srs. 0) ane) as ee ee 
(Aye~Az3/Do~ D7) SA be tdeeea se), | tsu(p2p—e) 

td(p2a—ace)_ || - 
td(e—p2aq) 


Port P1 input 


thi aLe—p2a) 


-— thi e—pe2p). 


Port P2 input 


tW(ALe) 
| d.ALE—E° 
Port P3. output 
(ALE) | 


td( BHE—E) 


(BHE) 


td(r/w-e) 


Port P39 output 
(R/W) 
Test conditions 
* Voc= 5 VE10% 
* Output timing voltage : Vo. =0. 8V, Voy=2. OV 
* Ports P1,P2 input : Vip =0. BV, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0", and external memory area is accessed) 


tc 


f( Xin 


py 


mi 





Port PO output a ® 
(Ag~A7) 
t nd 
thi aLe—P1a) P2x(E—P1Z) 
Be 


ss ( Address 
(BYTE="L”): - MN 






Port P1 output 


a nS aD, 


— th(e—p1p) 
Port P1 input | 

thi aLe—p2a) > >| tezx(e—P2z) 
Port P2 output hi 


PES 
td(p2a—ALe) 
Port P2 input 
nal 
; td(ace—e) 
Port P3. output 
(ALE) 






tsu(p20—£) 


pas th(e—p2p) 





td(p2a—e) 





tdi sHE-—e) 
_ th(—e—BHE) 
(BHE) . 
tdip/w—-e) 
th(e—R/w) 


Port P3, output 
(R/W) 


Test conditions 

*Voc= 5 V+10% 

* Output timing voltage : Vo. =0. 8V, VoHn=2. OV 
* Ports P1, P2 input : Vi. =0. 8V, Vin=2. 5V 
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DESCRIPTION 

The M37702M8LXXXHP is a single-chip 16-bit micro- 
computer designed with high-performance CMOS silicon 
gate technology. This is housed in a small 80-pin plastic 
molded QFP. 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para- 
llel processor that can also be switched to perform 8-bit 
parallel processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 
controller that require high-speed processing of large data. 
The strong points of the M37702M8LXXXHP are the low 
supply voltage and small package. 


FEATURES 
@ Number of basic instructions Peed ee adam reerceeseweteerrenessesen 103 
e Memory size ROM RAPS eee Re Re ee eee eee 60K bytes 
RAM PRETEEN ERR ee ee ee 2048 bytes 
@ Instruction execution time 
The fastest instruction at 8MHz frequency -:-::--:-- 500ns 
e Single low supply voltage 'g)aie 16:00 ere ca. b ie bie ele tele acer. eteueler's s)e10 ? 7~5.5V 


@ Low power dissipation . 
(At 3V supply voltage, 8MHz frequency) --- 12mW (Typ.) 
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 

@ Wide operating temperature range::::::::-:::*: —40~ 85°C 

e Interrupts sii neahee Meee ee yee GsemteasernwesuAceys 19 types 7 levels 

e Multiple function 16-bit timer -ccccccctrc 5+3 

@ UART (may also be synchronous) devastated see seeeaeeted yy) 

@ 8-bit A-D converter --- rrr 8-channel inputs 

@ 12-bit watchdog timer 

@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sr 68 

@ Small package 

ee ea 80-pin fine-pitch QFP (0.5mm lead pitch) 
APPLICATION 


Control devices for communication equipment such as 
cellular radio telephones, cordless telephones, and radio 
communications 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
and measuring instruments | 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


PIN CONFIGURATION (TOP VIEW) 


P6,/TB1 In +? [1 | 
P6s/TBO,y + 
P6,/INT2 +> 
P6,/INT, + [4] 
P62/INTo «> 
P6,/TA4in + LE] 
P69/TA4out 


P5¢/TA3 our ** L3] 


P54/TA2our + [1 
P53/TA1in 

P5./TAlour > 
P5,/TAOQn + [14] 


++ P77/AN7/AD tag 


[3]->  P67/TB2in 
+> = P7o/ANo 
> P7;/AN1 - 
+ = P72/ANo 
=, P73/AN3 
+ P74/AN4 
+ P7s/ANs 
pas P7.6/ANg = 


EI 
|= 
=] 
[33 
El 
| 
3 | 
Ls] 


O 


P5o/TAQour + [5] 


P4,/DBC* + [i6| 
P4,/VPA* + 
P4,/VDA* + [i3] 
P4,/QCL* + [19] 

P4,/MX* ++ 


Outline 


— P8,/CTS)/RTS; 


FE1++ P8o/CTSo/RTSo 
PRl<+ P8,/CLKo 
[Z]<+ P82/R,xDo 
«> P83/T,Do 
Ela P85/CLK, 


[8] 


P39/R/Wo«s 
P27/A23/D7 


P33/HLDA «+ 
P32/ALE <«+ 
P3,/BHE «+ 

P2.6/Az22/De6 
P25/A2;/Ds 
P24/Az9/D4 
P23/A19/D3 
P22/Aig/Do2 


80P6D-A 


«> [5] 


[60] «> P86/RxD, 


42] <> P26/A16/Do 
+> P2,/A,7/D, 


: Used in the evaluation chip mode only 


NOTE 





Refer to “Chapter 5 PRECAUTIONS” when using this mi- 


crocomputer. 
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M37702M8LXXXHP BLOCK DIAGRAM Reference Bus width 


Clock input Clock output Enable output Reset input (5V) (OV) (OV) (OV) (5V) voltage input selection input 
Xin Xour E RESET Vec Ves CNVss AVss AVec Vrer BYTE 


- «a + | 


Instruction Register (8) 
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Timer TA4(16) 
Timer TA3(16) Watchdog Timer 


Timer TA2(16) ) 
ROM RAM 
60K Bytes 2048 Bytes Timer TA1(16) Timer TB1(16) UART1(9) 
) ) 


Timer TAO(16 
mime ee a LEE Lah ES ea 


Z a Pee 
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Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 


YALNUWODOHXDIW SOW) LIE-9T dIHO-ATONIS 


dHXXX ISINCOZZEIN 


SHALNUWOJDOUDIW IHSIGNSLIN 


MITSUBISHI MICROCOMPUTERS 


M37702M8LXXXHP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37702M8LXXXHP 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 










Memory size 


FROM 8K bytes 
RAM 2048 bytes 
PO~P2, P4~P8 8 -bitX 8 

Input/Output ports 
TAO, TA1, TA2, TAS, TA4 16-bitX 5 


Multi-function timers 


3 external types, 16 internal types 
Interrupts : aes 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 2.7~5.5V 


Rane 12mW(at 3V supply voltage, external clock 8MHz frequency) 
Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 







Input/Output characteristic 
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PIN DESCRIPTION 

















Functions 


Voc, Vss 


CNVsgs CNVss input Input 


Power supply Supply 2. 7~5.5V to Vcc and 0 V to Vgs. 


This pin controls the processor mode. Connect to Vsg for single-chip mode. 























Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 
XIN Clock input Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 


tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xin pin 
and the Xour pin should be left open. 


Clock output 


Xout Output 


Enable output Data or instruction read and data write are performed when output from this pin is “L”. 











BYTE Bus width selection input 


AVcc, AVss_| Analog supply input 


Reference voltage input Input 


Input in memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L.” signal inputs and 8 bits when “H” signal inputs. 








Power supply for the A-D converter. Connect AVcc to Voc and AVsgg to Vssg externally. 





This is reference voltage input pin for the A-D converter. 


< 2 
a a) 
m 
+ 





PQ 9~ P07 1/O port PO 1/0 In single-chip mode, port PO becomes an 8-bit !/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 

Pio~P17 I/O port P1 . 1/0 in single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Di5~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 

P29~P27 I/O port P2 /O in single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 


rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Az3~ Aig) is 
output when E output is “H”. 


P39~P33 I/O port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 


P4p 














“ 
me) 
A 
sy 


1/0 port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P4. always has the func- 
tion as ¢, output pin. 


P59~P57 1/0 port P5 I/ In addition to having the same functions as port PO in single-chip mode, these pins also function as !/O 
pins for timer AO, timer A1, timer A2, and timer A3. 


O 
P6o 1/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT;, and INT. pins, and input pins for timer BO, timer B1, 
and timer B2. 
P79~P77 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 











i 
U 
(o>) 
N 











input ANg~ANz7 input pins. P77 also has an A-D conversion trigger input function. 








P8~P87 1/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS ~5.5V. Program execution starts at the address formed by 





The M37702M8LXXXHP has the same functions as the setting the address pins Ao3~ Aig to 0046, Ais ~ Ag to the 

M37702M2BXXXFP except for the following: contents of address FFFF4., and A7~ Apo to the contents of 

(1) The ROM size is 60K bytes. 7 address FFFE4,.. 

(2) The RAM size is 2048 bytes. Figure 1 shows the status of the internal registers when a 

(3) The reset circuit is different. reset occurs. 

Refer to the section on the M37702M2BXXXFP. Figure 2 shows an example of a reset circuit. The reset in- 
| _ put voltage must be held 0.55V or lower when the power 

RESET CIRCUIT voltage reaches 2.7V. 


Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 












Address 





Address 























(1) Port PO data direction register (0416) °°: 0016 | (29) Processor mode register (5Ei6)--- [ 0016 | 
(2) Port P1 data direction register (0516) °° | 0046 (30) Watchdog timer (6016) °°" FFF4¢ 5 


(3) Port P2 data direction register (0816)°°° 0016 | (31) Watchdog timer frequency selection flag (61 16)" : XXX 
(4) Port P3 data direction register  (0946)-*- XXX] 0 | 0 [0] 0 | (32) A-D conversion interrupt control register (7016)°*" XXIXTX} 0 | 0| 
XX [e]9/ 9] 


(5) Port P4 data direction register (0Ci6)°* 0016 (33) UART 0 transmission interrupt control register (7146)°°° 0/0 


0 
(6) Port P5 data direction register (ODi.6):*: 0016 (34) UART 0 receive interrupt control register (7246)°°° xX) 0 [0 [0] 0 
5 ae  MIXMY 
(7) Port P6 data direction register —(1046)-": 0016 (35) UART 1 transmission interrupt control register (7346) DNA 








gS 
















tt 








(8) Port P7 data direction register (Hig) 00:6 . (36) UART 1 receive interrupt control register (7446)°° XXIX)X/ 0] 0] 0] | 

| = 
(9) Port P8 data direction register = (14 45)" | 0016 | (7) Timer AO interrupt control register (7546)-*° X XXX] 0] 0/0. 0 
(10) ~A-D control register (1Ei6)*"' fo}o|ojojo/?)?)2| G8) Timer A‘ interrupt control register. (76 yg) *-- SOO 


(11) A-D sweep pin selection register (1Fi.)°°: x 


i 


DX IX DX] 1 | 1) (39) Timer A2 interrupt control register (77i6)°"° alololo 


Timer A3 interrupt control register (7816)°°° 0;0/0!/0 


(13) UART 1 Transmit/Receive mode.register (3816)°"° 0016 . (41) Timer A4 interrupt control register (7916)°" x x xx 0/0;0/0 
(14) UART 0 Transmit/Receive control register0  (344,¢)-°: DIX 1/0 lo 0| (42) Timer BO interrupt control register.  (7Ai6)°"° Xx x x 0 | 0/0 | 0| 
(15) UART 1 Transmit/Receive control register0 © (3C46)--- XXX] 1} 0] 0 | Timer B1 interrupt control register (7Bis)° XXX [0 [ojo 
(16) UART 0 Transmit/Receive control register1  (3546)°°° 0/0) 0| 0 (0 0/1 (44) Timer B2 interrupt control register (7C46)°*° XXX) 0] 0[ 0] 0] 


(17) UART 1 Transmit/Receive control register1 (3D46)-°- fofol1 (45) INT 9 interrupt control register (7Dig)°*° 0/0 0/0 i 0 


(12) UART 0 Transmit/Receive mode register (3046):°° 














~_ 
LS 











SZ 











— 
w 
—=— 























(18) Count start flag | (40,6)°°° 0016 (46) INT, interrupt control register (7Ey6) °° xX 0 0 0. 0 
(19) One-shot start flag (4216)°°° XXX of of} o] 0] (47) INT 2 interrupt control register (7Fig) XI 0 | 0/0;0/0 0| 


(0) Up-down flag (4446)°*° | 0046 | (48) Processor status register PS fojo}o}2/2iofofof1f2i2 


21) Timer AO mode register (5616)°°° 0016 (49) Program bank register PG 0016 











ao 
rE 














22) Timer A1 mode register (5746)°° 0016 (50) Program counter PCy [ Content of FFFFi.¢ 


= 





(23) Timer A2 mode register (58146)°°° 0016 (51) Program counter PC, Content of FFFE;, | 





(4) Timer A3 mode register (5916)°" 0016 62) Direct page register DPR | 000016 





‘ 


(25) Timer A4 mode register (5Ai6)°"° 0016 (63) Data bank register DT 


(26) Timer BO mode register (5Bie)"* | 0 }o/1]X/o]0/0| 
27) Timer B1 mode register (5Ci6)*** | 0 10] 1|X/0/0/0| 


(8) Timer B2 mode register (5Dig)*** | 0 01 1]X)0] 0/0] Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 








i 





Fig. 1 Microcomputer internal status during reset 
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M37702M8LXXXHP 


RESET 


Fig. 2 Example of a reset circuit (perform careful 


evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


000000}. 


OOFFFF ie 
01000016 


O1FFFFi¢ 


FEQQO0i.¢ 


Bank FEi,¢ 


FEFFFFy¢ 
FFO000,, 


Bank FFi¢ 


FFFFFFi¢ 


Fig. 3 Memory map 








ADDRESSING MODES 

The M37702M8LXXXHP has 28 powerful addressing mod- 
es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702M8LXXXHP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37702M8LXXXHP mask ROM order confirmation form 
(2) 80P6D mark specification form 

(3) ROM data (EPROM 3 sets) 


000000), 
00007 Fig 
0000801, 


Internal RAM Peripheral devices 
2048 bytes control registers 


00087F 4, 


001000,, 


Interrupt vector table 


UARTO receive 
Internal ROM Timer B2 
60K bytes Timer B1 
Timer BO 
Timer A4 
Timer A3 
Timer A2 














Timer A1 


Timer AO 
INT. 
INT, 


INT 
Watchdog timer 


DBC 


\ 
OOFFD6i¢ \ BRK instruction 


\ Zero divide 





OOFFFF\¢ 
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Symbol 


ABSOLUTE MAXIMUM RATINGS 





Parameter Conditions 











Supply voltage 














Analog supply voltage 

Input voitage RESET, CNVsz, BYTE 

Input voltage POo~P07, P1p~P17, P29~P27, P3p~P33, 
P49~ P47, P5p~P57, P69~P67, P79~P77, 
P89~ P87, Veer, Xin 















=023-12 












—0. 3~Veot0. 3 V 








, Output voltage PQ o~ P07, P1 o~ P17, P29~P2z7, P39 P33, 



















P4o~ P4,, P59~ P57, P60~ P67, P7o~P77, 





—(, 3~Voec +0. 3 


P89~ P87, Xout, E 





— 









Symbol 


Voc 


Analog supply voltage 


Vss 


























Vie 













lon(peak) 







lon(avg) 


lo-(peak) 


lo-(avg) 











Power dissipation 


—————_.— 





Operating temperature 











Parameter Unit 





Supply voltage eae Eee 





sw 

Supply voltage ar 
Analog supply voltage a 
High-level input voltage POg~P07, P39~P33, P4o~P4z, 
P5o~P57, P6p~ P67, P7o~P77, 

P89~ P87, Xin, RESET, CNVgzg, 

BYTE 
High-level input voltage Plp~P17, P29~P27 
(in single-chip mode) 








microprocessor mode) 
Low-level input voltage PQ 9~P07, P389~P33, P4p~P4;, 

P5o~P57, P6p~P67, P7>~P77, 

P8o~P87, Xin, RESET, CNVgs, 
BYTE 
Low-level input voltage P19~P17, P29~P27 
(in single-chip mode) 









Low-level input voltage P1p~P17, P29~P27 











(in memory expansion mode and 0 0.16Voc V 
microprocessor mode) 
High-level peak output current PQgo~P07, Pip~P17, P29~P27, 
P3y~P33, P4g~P47, P5p~P5z, —10 mA 


P69~P67, P7o~P77, P89~P87 
High-level average output current POo~P07, Plo~P17, P29 ~P27, 
P39~P33, P4o~P47, P5o~P57, 
P69~P67, P79>~P77, P89~P87 


Low-level peak output current PQg~PO07, Pl9~P17, P29~P27, . 
P39~P33, P49~P47, P5o~P57, 10 mA 
P69~P67, P7p~P77, P89~P87 
Low-level average output current POg~P07, Plgp~P17, P29~P27, . 
P39~P33, P49~P47, P5g~P57, 5 mA 
P69~P67, P7p>~P77, P89~P87 


External clock frequency input ee M2 











Note 1. Average output current is the average value of a 100ms interval. 


2. thes 


um Of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 


the sum Of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo-( peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted) 


Parameter 


Ty 
High-level output voltage PQ9~P07, P1l9~P17, P29~P27, 
P3p, P3,, P33, P4o~ P4,, 


P59~P57, P69~P67, P79~P77, 
P8~ P8, Voc=3V, lox=—1 mA 


High-level output voltage PQ9~P07, P1p~P17, P29~P27, 
ron as P3 Pas ‘ Vec=5V, lon=—400uA 
10» 1) 






Test conditions Unit 


no) 








Voc=5V, lon= —10mA 





Pe eo A 
M)/ao};—| N w 





NO 
o 





















Low-level output voltage PO 9~P07, P1o~P17, P29~P2,, 
Vv Voec=5V, lop =2mA 
Pe P3o, P31, P33 se = 


Voc=5V, lor =10mA 
Voc=5V, lop =2mA 
Veco=3V, lo-=1mA 
Vec=5V, lop=10mA 
Voc=5V, loL=2mA 
Voec=3V, loL=1mA 


fo) 

. jo) 

» . 

on oO ine) 


VoL Low-level output voltage P3, 0. 43 


a] 
Von High-level output voltage P3, Veo=5V, lon=—400uA | 
Vco=3V, lou=—ImA he al 
34 |_| 
Vou High-level output voltage E Voc=5V, lon=—400uA a ee 
ecm low=—IméSSC«dC GY 
Low-level output voltage POQo~P07, Plo~P17, P29~P2;, Moemsviigtoma | f 
Vor P39, P3;, P33, P49~P4z, 
P59~P57, P6g~P67, P79>~P77, 
ar 
Ecexal 









o}s|o|s/o 
~ml—ipo;—|;+ 





VoL Low-level output voltage E 
Hysteresis HOLD, RDY, TAO\n~TA4in, TBOiw~ TB2in, Voc™=5V 


—V = 

INTo~INTo, ADrrc, CTSo, CTS), CLKo, CLK, Vec=3V 
— Voc=5V 

Vr+—Vr— | Hysteresis RESET 
Vec=3V 
Vr+—Vy- | Hysteresis X Voorn 

—V+— steresis 

T+ T y IN Voo=3V 


High-level input current POg~P07, Plo~P17, P29~P27, Vec=5V, V=5V 
P30~ P33, P4p~ P4,, P5o~ P57, 
P69~ P67, P79>~P77, P80~ P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POg~P07, P1p~P17, P29>~P27, 
P39~P33, P49~P47, P5o~ P57, 
P69~ P67, P79~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 













0.5 








° © 
[ee) N 





0.2 









le 








Vec=3V, V\=3V 











Vec=5V, V,=0V 













Voc=3V, V,=0V : 








When clock is stopped. 2 


In single-chip (Xin) =8MHz, 
mode output square waveform 


only pin is open Ta=25C when clock is 
Power supply current and other pins stopped. 


are Vss during Tg=85°C when clock is 
reset. stopped. 


A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 


| = | Absolute accuracy Vrer= Voc =a 
Ladder resistance Vrer=Vec | 2 | 
Conversion time 
Reference voltage 
Analog input voltage 





RAM hold voltage 


—_ 
NO 


mA 











ro) _ b on on 
R 5S g 












Unit 


















rc 
” 
® 


x 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


TIMING REQUIREMENTS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) — 
External clock input | 


. Limits 


External clock input cycle time - | 
External clock input high-level pulse width | 50 | 


| | ns 
| ns | 
External clock input low-level pulse width | 50 | | ons | 
Ce nemalcick estima 
te rece pf 20 | ns 















ao 
Oo 







ou 
Oo 





External clock fall time 





Single-chip mode 


Port P2 input setup time 
E 
E 


Limits 









Unit 


Ww 
O!1O 
O;}o 











W 
i) 
Oo 


) 
) 
) 
Port P3 input setup time 

Port P4 input setup time 

Port PO input hold time 

Port P1 input hold time | 

Port P3 input hold time 
Port P4 input hold time 
Port PS input hold time 


Port P7 input hold time 
Port P8 input hold time : 


W 
OQ 
8 


Ww 
oO 
oO 


Wi} Oo 
O;o 
oO;oO 


8 
io) 
Oo 


W 
oS 
io) 


, . 































Memory expansion mode and microprocessor mode 


yMDO arameter / Min. | nt 


[Man 
Vteucerone) [Pon PI mputseupime ———~SCSCSC~“~“~*~“SCSCSC“SCSsC“‘—s“‘“s~‘“s~s~s~‘~s~s~sC 
teuceso=e) | Pon P2input souptime ——SSSSSCSCSCS~—~SSTTCSS Td 
Mteucnov—a,) [ADV inputseuptme ——SSSSSSCS~S~SSSSSSCSCSSCSSCSCS*dSC is 
i 90! 
i oa 












HOLD input setup time 
thc e—P1p) Port P1 input hold time 
thc(e—p2p) Port P2 input hold time 


thi ¢,—RDyY) RDY input hold time 
HOLD input hold time | | 
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Timer A input (Count input in event counter mode) 


ee mime ne 
TAin input cycle time 250 Vee at 
TAiiy input high-level pulse width 1 P| 
| 5 [ ] 


TAiiy input low-level pulse width 







Timer A input (Gating input in timer mode) 


TAiin input cycle time 
TAi input high-level pulse width 
TAiin input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter Unit 


_ Max. | 
TAin input cycle time 500 | | 
Heshccenat 
eer al 










TAin input high-level pulse width 
TAiin input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


TAiin input high-level pulse width 
TAi input low-level pulse width 


Timer A input (Up-down input in event counter mode) 


ymbdo arameter Min. _| 


TAiour input cycle time 5000 | si 
TAigur input high-level pulse width 2500 
twiuPL) TAiout input low-level pulse width 2500 













tw(uPH) 

















tsu(uP-ty) TAiout input setup time 1000 


thct,y-UP) TAiout input hold time 1000 
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Timer B input (Count input in event counter mode 


) | i. 
Symbol Parameter | 


to(TB) TBiy input cycle time (one edge count) 







tw(1BH) TBiy input high-level pulse width (one edge count) 


tw(TBL) TBijn input low-level pulse width (one edge count) . 

to(TB) ’ TBiy input cycle time (both edges count) 500 - 

tw(TBH) TBiy input high-level pulse width (both edges count) 
TBijy input low-level pulse width (both edges count) 250 








Oo 





Timer B input (Pulse period measurement mode) 


Symbol 
tc(TB) TBijy input cycle time 
tw(tBH) TBiiy input high-level pulse width 


tw(tBL) TBijy input low-level pulse width 








Timer B input (Pulse width measurement mode) 


yMDdo arameter Pin. _| 


TBiiy input cycle time 1000 
TBiwy input high-level pulse width 
TBiy input low-level pulse width 500 











jon) 











A-D trigger input 


tco(ap) ADrreg input cycle time (minimum allowable trigger) 


NO 
(o) 
fo) 
oO 





tw(aDL) ADzrg input low-level pulse width 


No 
oO 
Oo 


Serial I/O 


te(cK) CLK; input cycle time 
tw(cKH) CLKj input high-level pulse width | 
tw(cKL) CLKj input low-level pulse width 


Limits 








NM) a 
O1} O01] © 
oO;O;oO 


td(c—a) TxDj output delay time 


thic—a) TxD; hold time 


tsu(p—c) RxDj input setup time 
thic—pb) RxDj input hold time 





External interrupt INT] input 


Limits 
Symbol Parameter 


INT; input high-level pulse width 25 





tw(inH) 
tWUNL) INT; input low-level pulse width 


NO 
oO 
O1o 
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SWITCHING CHARACTERISTICS (Vcc=2.7~5. 5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 


Port PO data output delay time 

Port P1 data output delay time 

Port P3 data output delay time 

Port P4 data output delay time 
Port P5 data output delay time 































Port P2 data output delay time 

















Memory expansion mode and microprocessor mode (when wait bit = “1”) 


| tpxzce_p1z) | Port P1 floating start delay time (BYTE="L”) 
Port P1 address output delay time 
Port P2 data output deiay time 


tpxzZ(e—pe2z) | Port P2 floating start delay time 









td(pea—e) Port P2 address output delay time 








td(p2a—ace) | Port P2 address output delay time 


td(aLe—e) ALE output delay time 
twiaue 


tata R/W output delay time 


td(e—¢,;) ¢, Output delay time 
Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE="L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions 


td(poa—e) Port PO address output delay time 
tg(e—P1Q) Port P1 data output delay time (BYTE=“L”) 


Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 
Port P1 address output delay time 





Oo 





td(aLe—e) ALE output delay time 


ALE pulse wath 


td( BHE—E) BHE output delay time 


td(r/w—e) R/W output delay time 


td(e—¢,) ¢, output delay time 

thcace—pia) | Port P1 address hold time (BYTE=“L") 
th(e—P10) Port P1 data hold time (BYTE=“L”) 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L") 
th(eE—P1a) Port P1 address hold time (BYTE=“H”) 
th(aLe—p2a) | Port P2 address hold time 


ee 


mj; o;n on oo A| oO bo ao 

©} 01; © ie) O;1o > O};O O};oO oO 
ommd com i 
NO W =—|Ww 
co) Lo) oO 








Fig. 4 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf t 
Single-chip mode < 
t( Xin) 
E 
ny tdie—pog) 
Port PO output BD. 
tsu(Poo—e) pies 
Port PO input ) thie—poo) 
wag tdie—Pia) 
Port P1 output Xx 
tuuieipice) pa 
Ea 
Port P1 input thie—Prp) 
a td(e—-p2Q) 
Port P2 output » \ 
tsu(p20-e) 
ps 
Port P2 input iz thie—p2pd) 
nay td(e-—P3q) 
Port P3 output BD. 
! 
tsu(e30—e) 
a 
Port P3 input | th(e—p30) 
— | td(e—pag) 
Port P4 output Xx 
tsu(pso—e) aA 
Port P4 input thie—Pap) 
nay tdie—Ppsa) 
Port P5 output |X 
tsu(Ps0—e€) 
po 
Port P5 input & th(e—psp) 
mang td(e—Pp6a) 
Port P6 output Xx 
tsuip60—e! 7 
Port P6 input _) th(e—pep) 
nag td(e—P7aQ) 
Port P7 output B.: 
tsu(p70—e) —— 
Port P7 input thiceni 
td(e—psa) 


Port P8 output 





tsu(pap—e) 






Port P8 input thi e—psp): 
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tecta) 








TAin input 


tw(uPH) 





TAiogur input 


TAiour input 
(Up-down input) 


La, 


In Event counter mode 


TAiy, input 


(When count by falling) 
(When count by rising) 


TBiy input 





tevad! 


ADrre input 


tock: 


CLK; 


TxDj 


RxDj 


INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


mi! 
~ 


RDY input 


tsu(RADY— 4,) thi¢1—rby) 


(When wait bit = “0”) 


$y 


fom rrr rrr rr ee 


E / 


RDY input 


tsu(Roy—¢,)|  thigi—roy) 


(When wait bit = “1” or “0” in common) 


d; 


thia,- 
tsu(HoLD-- 4) hi ¢;—HOLO 


HOLD input 







tdi ¢,;—HLDA) td(4,—HLDA) 


HLDA output 


Test conditions 

* Voc = 2.7~5. 5V 

- Input timing voltage > Vii = 0. 2Vec, Vin = 0. 8Vcc 
- Output timing voltage : Vo, = 0.8V, Vou = 2. 0V 
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Memory expansion mode and microprocessor mode ‘(When wait bit="1") 





¢; | 
| | tdie—¢,) die—#,) 
| em 


eee 


— Address 


Port PO output 
( Ao~ A, ) 






tozx.e—p1z) 
Port P1 output 
(Ag~Ai5/Dg~D,5) 
(BYTE="L") 


Port P1 output 
(Ag~A\5) 
(BYTE="H") 





Port P1 input 


thi ace—p2a) 


a 
Port P2 output (Address || 
(Aie~Az3/Do~D7) 

tdip2a—ALe) 


Port P2 input 


tsu(p20-€) 
th. c— 
_—+— hi e€~P2p0) 


| fs “ 


(BHE) 


tdiryw-e) 





Port P3, output 
(ALE) 


Port P35 output 
(R/W) 


Test conditions 

* Vec=2. 7~5. 5V 

- Output timing voltage > Vo_=0. 8V, Von=2. OV 

* Ports P1, P2 input : Vii=0. 16Vce, Vin=0. 5Vcc 
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Memory expansion mode and microprocessor mode (When wait bit = “0", and external memory area is accessed) 


tc 
'#(Xiw) e 
>; 
tdie-s,) ‘ 
= de — 4) 


AN 


bil 












Port PO output — Address | Address — 
(Ag~Az7) 

thiace—P1A) tozx(e—P1z) 
Port P1 output To] tee a ee ne ate 
(Ag~A1s/Dg~Dj5) | Data Data BD {address Address 
(BYTE="L") sh 

tdie—Pia) 
td (P1A—ALE) 
thie—e 1a) tac E) 

Port P1 output cael Be pa cal 
ea Sc, Ga aD. 
(BYTE="“H") 


— thie—Prp) 
Port P1 input 
= 


th(ace—p2a) tozx(—P2z) 
Port P2 output " i 
we (Address 


(Aie~Az23/Dp~ D7) oor } Address 


G( P2a— ALE) 
Port P2 input 
< 
td(aLe—e) 
Port P32 output 
(ALE) 


es 


i 






tsu(p20—e) 


poate thie—p20) 


aed 


thie- BHE) 


HE) on a ae 
(BHE) 


tdiasw-e) 





thie - Rw 


Port P3o output 
(R/W) 


Test conditions 
come. 7~5.5V 
* Output timing voltage : Vo, =0. 8V, Voy=2. OV 
- Ports P1, P2 input > Vip =0. 16Vec, Vin=0. 5Vec 
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M37703 GROUP 28 

The M37703 group is housed in a 64-pin SDIP with the 
M37702’s functions, and a general purpose microcomputer. 
Its strong points are following : | 


@Same functions as M37702 group in a 64-pin SDIP 
@External clock input frequency 25MHz (“B” version) 
The fastest instruction execution time ................. 160ns 


Accordingly, this group suits to needs of industrial and public 
welfare equipments in recent years. 


Pin numbers of the M37703 group are cut off from the 


M37702 group, so that its functions are some differences 
from the M37702 group. Confirm the differences on the fol- 
lowing pages. 


FEATURES 

@Optional use as memory expansion and external ROM (ex- 
cept some types) 

@Choice of external clock input frequency : 16MHz; 25MHz 
versions for all types 

@Available one time PROM version 

@Peripheral functions 


UO DOM ac seusdivasccan asian tesa eacetaaueatereccceetiacnaaaias 53 
SIME ITUDS css di sevacconevansicaseatectentanr saree 19 types, 7 levels 
*Multiple function 16-bit timer ...........eeeceececesteeeeeeeees 5+3 
SEI lt tC) serie sanagayeresvand cena iacsmuncaunsnne cx roas hvac ear aasemreceey 2 
(clock synchronous / ASYNCHIONOUS ...............0cceeeeeeeeeeees 1) 
(AS VNCIIONOUS coca casera ew evcnevecsiannan tea ceteeadteadevens aeeaeonecs 1) 
°8-bit A-D converter ........... ce eeeessseeeeeeneee 4-channel inputs 


°12-bit watchdog timer 


APPLICATION 

Control devices such as Copier, HDD, Data terminal, Print 
_ engine for page printer, Cellular radio telephone, Cordless 
telephone, Radio communication, Personal information 
equipment, Electronic music instrument 


Type name 


Represent MELPS 7700 





| ROM | Group name| Memory size |FrequencysTemp}| Package 
type | + Memory (Byte) “Supply Vol. _ 


M37703 group expansion 












ee) 
> 
= 


identification ROM | RAM | 
Mask 16K 
ROM 2aK 
32K |204 








| > 


Oo 
ole lel ilep| 


BO 
@| 
o 
ne 64-pin 


SDIP 





One 16K | 512 e)— 
— M37703E2 (64P4B) 
prom! M87703E8 | 52K [20481 @ | @ | @ 


External] M37703S1 | — | 512 | 


ROM | M37703S4 | — | 2048 
@ : NOW 





+ About PROM version, refer to “Chapter 3 PROM VER- 
SION”. 

% The former 8MHz version was unified into “A” version. “A” 
version satisfies the timing requirements and the switching 
characteristics of 8MHz version. _ 


. Package type 
M377 083 M2BXXXSP/ 


Group designation 


Memory size identification 


| ME | S | 


Memory identification 


E :PROM*RAM 
S :RAM(external ROM) 





|ROM| RAM || RAM. 


M:Mask ROM*RAM as 


912 External clock input frequency 


operating temperature range 
A :16MHz(Ta= —20°C to +85°C) 
B :25MHz(Ta= —20°C to +85°C) 
E :16MHz(Ta= —40°C to +85°C) 
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M37703M2AXXXSP_ and M37703S1ASP. 


DESCRIPTION 

The M37703M2AXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The differences between M37703M2AXXXSP, M37703M2B 
XXXSP, M37703S1ASP and M37703S1BSP are the ROM 
size and the external clock input frequency as shown be- 
low. Therefore, the following descriptions will be for the 
M37703M2AXXXSP unless otherwise noted. 






[Type name [ROM size | Gora dok mpl teary 
rMa770asiasP__| External |S —_—| 
[Ma770SiBSP | External | 25MHiz 







The M37703M2AXXXSP cuts down the pins of M37702 
M2AXXXFP. Refer to the section on M37702M2AXXXFP for 
the functional differences. 


FEATURES 

® Number of basic instructions Peete meee eran terete meres reeernncs 103 

e Memory size ROM amore ear ece creer sreesenereeeees 16K bytes 
RAM ee ee. ee rr 51 2 bytes 


@® Instruction execution time 
M37703M2AXXXSP, M37703S1ASP 
(The fastest instruction at 16 MHz frequency)::-:-- 250ns 
M37703M2BXXXSP, M37703S1BSP 
(The fastest instruction at 25 MHz frequency):-:-:: 160ns 


e@ Single power supply Scie ceed Sie one aleielgs Sate niela'e s.ss/e'ols wee es 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

acaisie edie eee sib elerefalaeisiag wie delaras owas moeld sieeia indian Me aireaaamiweges 60mW (Typ.) 
@ Interrupts Peer e rere ere rere rere ercesecenvcerecccreccs 19 types 7 levels 
@ Multiple function 16-bit timer sic S+3 
@ UART (may also be synchronous) sree 2 
@ 8-bit A-D converter «--::17r rrr 4-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sve 53 


PIN CONFIGURATION (TOP VIEW) 


Voec 

++ P8o/CTSo/RTSo 
+> P8,/CLKy 

161} +> P8./RxDo 

60] ++ P8/TxDo 

59] +> P8,_/RxD, 

58] +> P8,/TxD, 

+> P0o/Ao 


P7,/AN7/ADrRG 
P7>/AN> ++ [5] 
P7,/AN, [6] 
P7o/ANo + 

P6;/TBOw ++ [8] 
P6,/INT2 > [9. 
P6,/INT, + [10 
P6./INTo + [it] 

P57/TA3in 

P56/TAS8our + [13] 


+> P0,/A> 
+> P03/A3 
> P0,/A, 
+> P0s/As 
51} +> PO6/Ag 
50} +> PO7/A;7 


dSXXXECWEOLZEW 
dSXXXVCWEOLZEW 


P54/TA2our + [15] 
P53/TA1 wn + [16] 49] ++ P15/Ag/Dz 
P52/TAtour 48} +> P1,/Ag/Dg 
P5,/TAQ\y + +> P12/A40/Di0 
P59/TAQout 46] +> P13/A,;/Dy, 
P4,/DBC* + +> P14/Aj2/D4> 
P4./¢,+ 44} > P15/A,5/D43 
P4,/RDY + ++ P16/Ay4/Di4 
P4)/HOLD ++ + P17/A;5/Di5 
41] +> P2o/A16/Do 
40] +> P2,/A,7/D, 
+> P2,/Ai8/D2 
++ P2./Aj9/D3 
+> P2,/A9/Da 
++ P2./A>,/Ds 
+> P2,/Ao0/Dg 
P3./ALE ++ ++ P2,/A5,/D7 
P3,/BHE «> +> P3,/R/W 


dSEISeOZZeW 
dSVISEOZZEN 


Outline 64P4B 


*: Used in the evaluation chip mode only 





APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal | 
computers | 
Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


The M37703M2AXXXSP and M37703S1ASP satisfy the 


timing requirements and the switching characteristics of 
the former M37703M2-XXXSP and M37703S1SP. 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37703M2AXXXSP 


; ee M37703M2AXXXSP, M37703S1ASP 250ns (the fastest instruction at external clock 16MHz frequency) 
Instruction execution time 
M37703M2BXXXSP, M37703S1 BSP 160ns (the fastest instruction at external clock 25MHz frequency) 





















Memory size 


PO, P1, P2, P5 8 -bitx 4 


Input/Output ports 








RAM 
P4, P6, P7 4 -bitX 3 
P3 3 -bitX 1 
TAO, TA1, TA2, TA3, TA4 16-bit 5 (4 Input/Output functions) 
TBO, TB1, TB2 16-bitX 3 (1 Input function) 


Serial 1/O UARTX2(One can be set clock synchronous serial |/O.) 
A-D converter 8 -bitX 1 (4 channels) 


Multi-function timers 





3 external types, 16 internal types 
fines (Each interrupt can be set the priority levels to 0 ~ 7.) 


Power dissipation 60mW(at external clock 16MHz frequency) 


Input/Output characteristic 
CMOS high-performance silicon gate process 
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PIN DESCRIPTION 


Vee, Power supply 
Vs 
— 
RESET Reset input 
X 
AVcc, 


Supply 5 V+10% to Voc and 0 V to Vgs. 














This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are 1/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 


Xourt Clock output and the Xourt pin should be left open. 





Enable output Data or instruction read and data write are performed when output from this pin is “L”. 
In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


s 

N 

E 

N 
BYTE Bus width selection input 
V Analog supply input 
AVss 
Oo 
lo 


Power supply for the A-D converter. Connect AVcc to Vcc and AVssg to Vsg externally. 


This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 





Reference voitage input 


10 port PO v0 
VO port Pt v0 


I/O port P2 1/0 


P3o9~ P32 I/O port P3 1/0 





In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ays~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag) is output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an address(Ao3~ Aj6) is 
output when E output is “H”. 





In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 





























P49~P4o, 1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 

P47 rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xin pin by 2. In microprocessor mode, P4_ always has the func- 
tion as ¢, output pin. 

P5o9~ P57 1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 

; pins for timer AO, timer A1, timer A2, and timer A3. 

P60~P6s5 1/0 port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT;, and INT» pins, and input pins for timer BO. 

P79~P7o, 1/O port P7 . 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 

P77 input ANg~ANz and AN; input pins. P77 also has an A-D conversion trigger input function. 

P8~ P83, I/O port P8& 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 

P8., P87 TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 
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BASIC FUNCTION BLOCKS 

The functional differences between the M7703M2AXXXSP 
and M37702M2AXXXFP are. described below. The 
M37703M2AXXXSP has the same _ functions as the 
M37702M2AXXXFP, except these points. Refer to the sec- 
tion on the M37702M2AXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


00000016 000000; 
00007 Fie 


00008016 
Peripheral devices 


Internal RAM control registers 
512 bytes 


OOFFFFi¢ a 
01000016 00007F 1, 


00027Fi¢ 


O1FFFFi¢ 


Interrupt vector table 


/ | _A-D conversion _ | conversion 
UART1 transmission 


UART1 receive 
UARTO transmission 

UARTO receive 
Timer B2 
Timer B1 
Timer BO | 
Timer A4 
Timer A3 
Timer A2 


Bank FEi. ; Timer A1 
Internal ROM Timer AO 








FEO0001¢ 

















FEFFFFi¢ -16K bytes 
FFOOQQOO:. 


Watchdog timer 


Bank FF. 
BRK instruction 


Zero divide 





FFFFFFi¢ 





Fig. 1 Memory map 
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A-D CONVERTER 

Analog signals are input through four channels, ANo, AN;, 
AN» and ANz. In one-shot mode and repeat mode, select 
one on ANo, AN;, ANo, and AN7 as analog input by the ana- 
log input selection bits (bits 2, 1 and 0) of A-D control reg- 
ister. Set the bits of the directional registers for ports cor- 
responding to analog input channels ANs, ANy, ANs and 
ANg not having pins to “1” oul mode) and output “0” to 
the ports. 

In the single sweep mode and repeat sweep mode, the 
M37703M2AXXXSP operates the same as the M37702M2A 
XXXFP. Set the directional register bits of ports corres- 
ponding to ANO, AN1, AN2, and AN7 to “0” (input mode), 
and the bits of the directional registers for ports corres- 
ponding to AN3, AN4g, ANs and ANg not having pins to “1” 
(output mode), and output “0” to the ports. In the single 
sweep mode and repeat sweep mode, the contents of A-D 
register bits corresponding to analog input channels ANs, 
AN,, ANs, and ANg not having pins are undefined. 


TIMER 

Since timer A4 has no input/output function and timer B1, 
B2 have no input function, timers A4, B1 and B2 operate 
only in timer mode. Therefore, only clock source can be 
selected by the bits 7 and 6 of timer mode register for 
each of timers A4, B1 and B2. The bits of timer mode regis- 
ter must be “0” except for the clock source selection bits. 
Other timers AQ, A1, A2, A3 and BO have the same func- 
tions as the M37702M2AXXXFP. 


Table 1. 


Parameter 


M37703M2AXXXSP 


SERIAL 1/O 

UART1 has only the asynchronous serial Communication 
function and no clock synchronous serial communication 
function. Therefore, do not select the clock synchronous se- — 
rial communication function (“001”) by the serial com- 
munication method selection bits (bits 2, 1 and 0) of UART1 
transmit/receive mode register. Since UART1 does not 
have the functions of CTS and RTS, the CTS and RTS 
selection bit (bit 2) of UART1 transmit/receive control reg- 
ister 0 must always be “1”. UARTO has the same function as 
the M37702M2AXXXFP. 


INPUT/OUTPUT PINS 

The port registers and directional registers for ports P4, P6, 
P7 and P8 have eigtht bits, the directional register bits hav- 
ing no pins must always be set to the output mode. Since 
port P33 is not available as a pin although it has port regis- 
ter and directional register, port P33 must be set to the out- 
put mode. 


ADDRESSING MODES 

The M37703M2AXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703M2AXXXSP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37703M2AXXXSP mask ROM order confirmation form 
(2) 64P4B mark specification form 

(3) ROM data (EPROM 8 sets) 


The functional differences between the M37703M2AXXXSP and M37702M2AXXXFP 


M37702M2AXXXFP 





Input/Output ports 


(without HLDA) 


(with HLDA) 





with Input/Output ports 
only timer mode 


16-bitX 4 
16-bitxX 1 


Timer A with Input/Output ports 16-bit 5 





Timer B with Input ports 


only timer mode 


16-bitX 1 
16-bitX 2 


Timer B with Input ports 16-bitX 3 





Serial I/O 





UARTX 1 


8 -bitX 1 (4 channels) 





(UART or clock synchronous serial I/O) X 1 








(UART or clock synchronous serial !/O) X 2 











8 -bitX< 1 ( 8 channels) 
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ABSOLUTE MAXIMUM RATINGS 


nit 
Supply voltage —0.3~7 V 
AVoc Analog supply voltage —0.3~ 7 


Levees 
Input voltage RESET, CNVss, BYTE =0, 3-12 




























Output voltage PO g~ P07, P1p~P17, P29~P27, P39~ P32, 
P4o~ P4o, P4,, P5o~ P57, P62~P6s, 
P7o~P72, P77, P89~P83, P8., P87, Xour, E 


| Pa | Powerdissipation 1000 
Operating temperature —20~85 
Storage temperature —40~150 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85°C, unless otherwise noted) 







Voc 
i 
Input voltage PO o~PO0;, P1i9~P17, P29~P27, P39~P3z, 
V, P49~P4>, P47, P5p~P57, P62~P6s, . —0.3~Vec +0. 3 
P7o~P7o, P77, P89~ P83, P86, P8;, Vrer, Xin 


==(); 3~Voct0. 3 















Parameter 








Supply voltage 





Analog supply voltage 











Supply voltage 








Analog supply voltage 
High-level input voltage PO9~P07, P38p~P32, P4p~P42, P47, P5p~P57, 
P62~P6s, P79 ~P72, P77, P89~P83, 
P8,, P87, Xin, RESET, CNVss, BYTE 
High-level input voltage Plo~P17, P29~P27 
(in single-chip mode) 


























High-level input voltage P19p~P17, P29~P27 (in memory expansion 


mode and microprocessor mode) 
Low-level input voltage PO 9~P07, P89 ~P32, P49~P42, P47, P5p~P57, 
P62~P65, P7p>~P72, P77, P89 ~P83, P8,¢, P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input voltage Plo~P17, P29~P27 














(in single-chip mode) 








Low-level input voltage P19~P17, P29~P27 (in memory expansion 
mode and microprocessor mode) 
High-level peak output current POg~P07, P19~P17, P29 ~P27, P3p~P32z, 
lon( peak) P49~P42, P47, Pip ~P57, P62~P6s, 
P79~P72, P77, P89 ~P83, P85, P87 
High-level average output current POo~PO7, P19~P17, P29~P27, P89~P3o, 
lon(avg) P4y9~P4o, P47, P5g~P57, P62~P6s, 
P79~P72, P77, P89 ~P83, P8¢, P87 
Low-level peak output current POg~P07, P19~P17, P29~P27, P3p~P3o, 
lo.(peak) P4 9~P4o, P47, P5g~P57, P62~P6¢, 
P79~P72, P77, P89 ~P83, P8., P87 
Low-level average output current POg~P07, P19~P17, P29~P27, P3p~P32, 
loi(avg) P4o~P42, P47, P5p~P57, P62~P6s, 
P79~P72, P77, P89 ~P83, P86, P87 


M37703M2AXXXSP, M37703S1ASP 
(Xin) External clock frequency input 
M37703M2BXXXSP, M37703S1ASP 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
























































MITSUBISHI = 
ate MISUBS ere 


- M37703M 


MITSUBISHI MICROCOMPUTERS 


2AXXXSP,M37703M2BXXXSP 
M37703S1ASP,M37703S1BSP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





M37703M2AXXXSP 


ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =16MHz, unless otherwise noted) 


High-level output voltage PO 9~P07, Pip~P17, P29~P27, 
P30, P31, P4g~P4o, P47, 
P5o~ P57, P62~ P65, P7p~P7o, 
P77, P89~P83, P8¢, P87 
High-level output voltage PQ 9~P07, P19p~P17, P29~P27, 


V 
en P39, P3; 


Von 


Von High-level output voltage E 


Low-level output voltage PO 9~P07, Pip ~P17, P29>~P27, 
P39, P31, P4g~P4o, P47, 
P59~P57, P62~P6s5, P7p>~P72, 
P77, P89 ~P83, P8., P87 
Low-level output voltage POQo~P0;, P19p~P17, P29>~P2, 
P30, P3; 


Low-level output voltage P3, 


Low-level output voltage E 


Hysteresis HOLD, RDY, TAQ\n~TA3in, TBOin, 


INTo~INT2, ADrrg, CTSo, CLKo 

Hysteresis RESET 

Hysteresis Xin 

High-level input current POo~P07, Pip~P17, P29~P27, 

; P39~P32, P4p~P4o, P4z, 

P5o~P57, P62~P6s5, P7o~P72, 
P77, P89 ~P83, P8¢, P87, 
Xin, RESET, CNVss, BYTE 

Low-level input current POg~P07, Plgo~P17, P29~P27, 
P39~P32, P49~P4o, P47, 
P59~ P57, P62~ P65, P7o~P72, 
P77, P89~P83, P8., P87, 
Xin, RESET, CNVgg, BYTE 





Test conditions 
lox=— 10mA 


lon=—400nA 


lonp=— 10mA 
lon= —400u A 


lop =2mA 





V\=5V 





RAM hold voltage When clock is stopped. 


Power supply current 











tconv Conversion time 








Vrer Reference voltage 


Via 








Analog input voltage 


1 Symbol Parameter Test conditions 


P= [Resoution sd ee 8 
ae Absolute accuracy Vrer=Voc +3 
Riappver | Ladder resistance Vrer=Voc 10 


2 
14.3 
2 











f(Xin) =16MHz, 
square waveform 
Ta=25C when clock 
is stopped. 

Ta=85C when clock 
is stopped. 


In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset. 











Vee 








Min. | Typ. | Max. | 


fe OS Vee 
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M37703M2BXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25, f(Xin)=25MHz, unless otherwise noted) 


Parameter Test conditions 


~ 
< 
no) 





High-level output voltage POQ9~PO7, P19~P17, P29~P2z, 
P39, P3;, P4o~P4o, P4z, 
P5o~P57, P62~P6s5, P7o~P72, 
P77, P89 ~P83, P86, P87 

High-level output voltage POQ9~PO;, Pl9~P17, P29 ~P27, 
P39, P3; 


lox=—1 OmA 





Fe 





- 
N Ww 


lon=—400UA 








lon=—10mA 
lon=— 400 uA 
lon=—10mA 
| ton=—400 A 





High-level output voltage P32 





are 





High-level output voltage E 


riser : 
CO | + 





Low-level output voltage PO g~PO7, P19p~P17, P29~P27, 
P39, P3,, P49 ~P42, P47, 

Vo : : : d lop=10mA 

P59~ P57, P62~P6s, P7o~P7o, 


P77, P89~ P83, P86, P87 
Low-level output voltage PQ 9~P07, Pigp~Pt17, P29~P2;, 


Y, lo. =2mA 
OL P3,, P3; or 











a on 








lop =10mA 
lop =2mA 
loLp=10mA 





VoL Low-level output voltage P32 





VoL Low-level output voltage E 
lop=2mA 


Hysteresis HOLD, RDY, TAOQjjw~TASin, TBO, 
Vr4—Vy— SS ee 0. 4 
INTo~INTo, AD+rrc, CTSo, CLKo 
Hysteresis Xin Sree aon Es 





High-level input current POg~PO7, Plp~P17, P29~P2,, 
P39~ P32, P4p~P4o2, P47, 
P5o~P57, P62~P6s5, P79~P72, 
P77, P89~ P83, P85, P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current POg~PO7, P19~P17, P29~P27, 
P3o9~P32, P4o~P4o, P47, 
P5o~P57, P62~P6s5, P79 ~P72, 
P77, P89 ~P83, P8., P87, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 
f( Xin) =25MHz, 
In single-chip mode | square waveform 
output only pin is Ta=25C when clock 
open and other pins | is stopped. 
are Vss during reset. Ta=85° when clock 


is stopped. 


is 
> 


4 

== 

7 

asec 
0. 45 

=< 
1 








| 
oO 
ks 
> 








—dt 
© 
w 
oe) 


Power supply current 

















me ee Min. | 
| | Resolution Vrer=Vec an Tir 
| Absolute accuracy Vrer= Voc —+— 














Conversion time 9.12 
Reference voltage 2 






























Analog input voltage 








| MITSUBISHI _ 
ate MiTSuBS ai 


MITSUBISHI MICROCOMPUTERS 


M37703M2AXXXSP,.M37703M2BXXXSP 
~~ ‘'M37703S1ASP,M37703S1BSP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





TIMING REQUIREMENTS (Vcc=5V+10%, Ves=0V, Ta=25C, unless otherwise noted) 
External clock input 


Limits 
Symbol Parameter 


External clock input cycle time 


External clock input high-level pulse width 
External clock input low-level pulse width 
External clock rise time 


External clock fall time 





Single-chip mode 


Parameter 


Port PO input setup time 


Symbol 





tsu(pop—e) 












tsu(p1D—E) Port P1 input setup time 


tsu(psp—e) | Port P8 input setup time | 100 | | 60 | | ons | 
Port PO input hold time | | ons 

Port P1 input hold time —24+— | ons | 

Port P2 input hold time | | of | | ons | 

Port P3 input hold time fo] | of}; fF ons | 

Port P4 input hold time Ss re a ee 

Port P6 input hold time P| 

Port P7 input hold time _ 

Port P8 input hold time 


) 
tsu(p4p—e) 








th(e—pop). 








thc e—p1pD) 








th(e—p2p) 





th(e—psp) 
















~ th(e—pap) 





thc(e—psp) 





th(e—pep) 














th(e—p7p) 


th(e—pap) 


Memory expansion mode and microprocessor mode 


tsu(piD—e) Port P1 input setup time 





tsu(p2p—e) | Port P2 input setup time 
tsu(Rpy—¢,) | RDY input setup time 60 


tsu(HoLp—¢,)| HOLD input setup time | 60 | | ons | 
pacar esis ii eo 
0 | 0 | ns | 

| ns | 




















RDY input hold time 
HOLD input hold time aoe Se 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAiyy input cycle time 





Timer A input (Gating input in timer mode) 


Symbol Parameter 16MHz 25MHz 
TAiiy input high-level pulse width 20 | | 16 | | ns | 
TAiny input low-level pulse width 7 a ee 














Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 16MHz 25MHz Unit 


Taboo a 
TAiny input high-level pulse width 125 Pe B0e te 
TAiin input low-level pulse width 125 | | 0 fs 











Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 


TAijy input high-level pulse width 
TAiin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


Sym bol Parameter 


te(up) TAiourt input cycle time 
tw(uPH) TAiout input high-level pulse width 
twiuPL) TAiout input low-level pulse width 


tsu(up-ty) TAiourt input setup time 








thit,-UP) TAiour input hold time 
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Timer B input (Count input in event counter mode) 


| 
Symbol . Parameter | 


TBOww input cycle time (one edge count) i 
TBOw input high-level pulse width (one edge count) 


3 
7 





Timer B input (Pulse period measurement mode) 






TBO input cycle time 
TBOwy input high-level pulse width 
TBOww input low-level pulse width 





Timer B input (Pulse width measurement mode) 


Symbol Parameter 16MHz 


TBO\y input cycle time : 
TBO, input high-level pulse width 
TBO, input low-level pulse width 


A-D trigger input 
Symbol Parameter 


win [Max 
ADrrg input cycle time (minimum allowable trigger) | 1000 | 
125 | 


Serial |/O 


Symbol Parameter 16MHz 25MHz 


CLKo input cycle time 
CLK input high-level pulse width — 
CLKo input low-level pulse width | 
TxDpo output delay time  —— 
TxDp hold time as 
| 90 | 



































RxDpo input setup time 
thic—p) 








RxDg input hold time 








External interrupt INTj input 


Symbol Parameter 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=OV, Ta=25C, unless otherwise noted) 
Single-chip mode 


— 


Port PO data output delay time 
Port P1 data output delay time 
td(eE—p3aq) 


Port P3 data output delay time 









Test conditions 















td(Ppoa—e) 


Symbol 







Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 


Parameter 


Port PO address output delay time 





td(e—P1aQ) 


texz(E—P1z) 


Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 





td(p1a—e) 


Port P1 address output delay time 





td(p1A—ALE) 





















Limits 

















Port P1 address output delay time 


Port P2 data output delay time 





Port P2 floating start delay time 





texz(E—Pp2z) 
td(p2a—e) 


Port P2 address output delay time 


td(aLe—e) 





tW(ALe) 





td(BHE—E) 


tdcip/w—e) 





td(e—¢,) 


th(e—Poa) 





Port P2 address output delay time 











ALE output delay time 








ALE pulse width 





BHE output delay time 








R/W output delay time 





¢, output delay time 





Port PO address hold time 





thcaLe—pta) 





Port P1 address hold time (BYTE=“L”) 





th(e—P1a) 


Port P1 data hold time (BYTE="“L”) 





tezx(e—P1z) 


thce—P1aA) 


Port P1 floating release delay time (BYTE=“L”) 











Port P1 address hold time (BYTE=“H”) 








thc aLeE—pP2a) 


thce—p2aq) 


Port P2 address hold time 








Port P2 data hold time 





tpzx(e—pe2z) 
thce—BHE) 


thce—rR/w) 





Port P2 floating release delay time 











BHE hold time 





R/W hold time 





tw(eL) 





E pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Limits 





Symbol Parameter Test conditions 





Port PO address output delay time 





Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE="L") 
Port P1 address output delay time 








td(p1a—ace) | Port P1 address output delay time 











—) 
Port P2 data output delay time 

Port P2 address output delay time | 

| twoace) | 


tW(ALE) ALE pulse width 


BHE output delay time 
R/W output delay time 
td(e—¢,) ¢, output delay time 
Port PO address hold time 


Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 


tpzx(e—p1z) | Port P1 floating release delay time (BYTE=“L”) 
th(e—pi1a) Port P1 address hold time (BYTE=“H”) 


Port P2 address hold time 
Port P2 data hold time 
E pulse width 


td( Poa 













































































Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 


Single-chip mode 


(Xin) 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 output 


Port P5 input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 
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: bee “ twin) twiL) 
rn rr, peal 


( 


nig td(e—pPoa) 


tsu(pop—e) 


— 
LS th(e—pop) 
ia td(e—P1a) 
Xx 


fe th(e—p1D) 
nag td(e—p2a) 


tsu(P1 D—E) patie! 


ec’ 


tsu(p2p—e) i 


th(e—p2p) 


td(e—psaq) 


>< 


tsu(p30—e) a 


thie—psp) 


td(e—psaq) 


><: 


tsu(pap—e) _— 


th(e—pap) 


td(e—Psa) 


>< 


tsu(psp—e) poem 


th(e—psp) 


td(e—p6aq) 


wire 


tsu(pep—e) pa 


th(e—psp) 


td(e—p7a) 


YN 


Shee 


tsu(e7D—) pea 


X\ th(e—p7p) 


td(e—psa) 





= 


tsu(psD—E) pai 
pe thie—psp) 
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to(Ta) 


TAiw input | 


TAiour input 


TAiour input 
(Up-down input) 


in Event counter mode 


TAin input 
(When count by falling) 

ea? Bae ean 
(When count by rising) 


te(tB) 


TBO; input 





te(ap) 








tw(adL) 









ADrre input 


teicKy 
thic—a) 
tsu(p—c) thic—p) 
eee 
RxDo 


tWwanL) 


INT; input 
twiINH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


py 


RDY input 


tsu(apy—¢,)| thie ;—roy) 


(When wait bit = “0”) 


py 


RDY input 


(When wait bit = “1” or “0” in common) 


g; 


t thi ¢;—-HOLo) 
SU(HOLD—¢ }) 


HOLD input 


Test conditions 
* Voc= 5 V+10% 


* Input timing voltage : V;_=1. OV, V,4,=4. OV 
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Memory expansion. mode and microprocessor mode (When wait bit=“1") 


(Xin) 





? 


td(e-¢;) tdie—¢,) 


sees |) 


_ Address 


a 


Port PO output 
( Ao~ A; ) 


1 
it 


E 
o 
pe?) 
OHS 
> 
a 
@ 
o 


an 


Address 


t = tezx. €—P12Z) 
N(Ace ig \ 


Port P1 output Address | X 
(Ag~A15/Dg~Dj5) A) 
(BYTE="L") td(P1A—ALE) | 


Port P1 output 
(Ag~A, 5) 
(BYTE="H") 


tdip1a—e) 





Address 


Address ie 


texz(E—P 22) tezx( €—p2z) 


IL 


Port P1 input 


th(aLe—p2a) i 









naa a 
Pa ao [ras | Ko DX _senees | --——- = 
Aeoh be: nal otarene) 
td(e—pza) -—t- (€-P2D) 
Port P2 input 


mE 


tw(ace) ; 
—— d‘ace—e) 
Port P3, output 
(ALE) 
td(eHE—E) 


th(e—BHE) 


(BHE) 






td(r/w—-e) 





th(e—R/w) 
Port P39 output 
(R/W) 
Test conditions 
. Voc= 5 V+10% 
* Output timing voltage * Vo, =0. 8V, Von=2. OV 
* Ports P1,P2 input > Vir =0. 8V, Viy=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 


f(Xin) an 


tdie-¢,) tac zs 
E~ 4 


d(PoA~-e) 


(Ag~Az) 
t ae 
th(aLce—P1a) PZX(E—P1Z) 
(Ag~Ai5/Dg~D,5) ( Address KX) Data_|  )kAdaress) Address 


(BYTE=“L”) mea 
td (P1A—ALE) TT 
td(pia—E) 
Port P1 output a a 
‘as nD 
—_ aah 


thi aLe—P2a) tezx(E—P2z) 
Port P2 output Eo 
Der 


(Aie~Az3/Do~ Dz) = Address 
es th(e—p2p) 


eer ALE) 
Port P2 input 
“eh 
d(ALE— E) 
Port P32 output 
(ALE) 


Port P3, output 
(BHE) 


no 
ri 





thie—pip) 


I 






heal (P2A—E) 


Port P3, output 
(R/W) 





Test conditions 

co= 5 V+10% 
* Output timing voltage > Vo, =0. 8V, Voy=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Vin=2. 5V 
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DESCRIPTION 

The M37703M3BXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 


ecution. The CPU is a 16-bit parallel processor that can = 


also be switched to perform 8-bit parallel processing. This 
microcomputer is suitable for office, business and industrial 
equipment controller that require high-speed processing of 
large data. 

The differences between M37703M3BXXXSP and M37703MDB- 
XXXSP are the ROM size as shown below. Therefore, the 
following descriptions will be for the M37703M3BXXXSP 
unless otherwise noted. 









Type name ROM size 


M37703M3BXXXSP 24K bytes 
M37703MDBXXXSP 32K bytes 





The M37703M3BXXXSP has the same functions as the 
M37703M2BXXXSP except for the memory size and only in 
the single-chip mode for the processor mode. 


FEATURES 

@ Number of basic instructions eee a ee eee ee eee 103 

@ Memory size ROM::::: 24K bytes (M37703M3BXXXSP) 
32K bytes (M37703MDBXXXSP) 


RAM emer cca n ence rans w nc seeseessee 1024 bytes 

@ Instruction execution time 

The fastest instruction at 25 MHz frequency -::::::- 160ns 
e Single power supply POEeere eee e Tere eer eee ee eee eee eee eee 5V110% 
@ Low power dissipation (at 25 MHz frequency) 

LACE Ee a eee a ree Pre TCT eT Tr Tee 95mW (Typ.) 
@ Interrupts Comme een ere e rr reereneeereeeseeseneesseeos 19 types 7 levels 
@ Multiple function 16-bit timer 5+3 
@ UART (may also be synchronous) Dieiaistelatytle so ite SSW Siaiaioreleigtsg oer 2 
@ 8-bit A-D Converter ste 4-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sr 53 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 





2—258 


PIN CONFIGURATION (TOP VIEW) 


+> P8o/CTSo/RTSo 
+> P8,/CLKo 
61] +> P82/RxDo 
60} ++ P83/TxDo 
+> P8./RxD, 
+> P8,/TxD, 


P77/AN7/ADrRq 
P72/AN> + 
P7,/AN, + [6 
P7/ANo + 


P6,/INT> ++ [9] 
P63/INT, ++ [10] 
P62/INTo + [11] 
P57/TA3in 
P5¢6/TA3our 
P5</TA2in + 
P5,/TA2our * 
P53/TA1n 
P5./TA1 out 
P5,/TAQn + [18 
P5o/TAQout 


dSXXXEGWeoZZew 
dSXXXEEWCOLZEW 


Outline 64P4B 





NOTE : 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


¢ MITSUBISHI 
ELECTRIC 


JDd1LOAaTa 
IHSISNSLIN r 


6S0—Z¢ 


M37703M3BXXXSP BLOCK DIAGRAM 


Reference Bus width 
Clock input Clock output Enable output Reset input (5v) (OV) (OV) (OV) (5V) voltage input selection input 
Xin Xout E RESET Vec Vss CNVss AVss AVcc Var BYTE 
a eae cee amy a aia Aaa areas (a 
Instruction Register (8) 































































91607 onawyyy 






(9| at sarsiIBay saying ynduy 
(pZ) 4ejueUIeI9EQg /s9)UeWEIU| 








(9| )g s0yeINWNDDY 
(91)X J01s!IBoy xopu| 
(91)A 40s!Bey xapu| 

(91)S 493UIOg 49BIS 

(91)Hdd Jajsi6ey abey joaNQ 
(LL)Sd saysiBey snyeyg sossa001g 

(8)10 seysi6ay yueg BeQ 
(9L)Od seyUND WesBolg 
(pz)va 4e\sIBey sseuppy eyeq 
(pZ)Wd Ja1s!16ay ssouppy wesBog 
(pz) sa}UdWSI9U] 

(8)20 49)Ng ananty uo|ONsU| 

(8) '® seyNg eneny UOHONjsU 

(8)00 JayNg anany uoNHonysu] 

(8) aq 4ayng Req 

(8)4aq saying ejeq 


(8)Dd saysibay yueg wesbolg 


















= R (91) soye|nWNDDY : 


Timer TA4(16) 
Timer TARTS) 
RAM Timer TA2(16) Timer TB2(16) 
1024 Bytes Timer TA1(16) | | Timer TB1(16) UART 1(9) 
Timer TAO(16) | | Timer TBO(16)| | UART 0(9) 















24K Bytes 


sng ssoippy 






(PPO)sng eIeG 
(uang)sng ejeq. 






— I It It it Win 0 Im 


| 
| 
| 
| 
| 
| 
| 
| 
| 


EBYEIY EXE NG2KEI— - —-ANEXEXD— - 8X - LAKEMAN) = —B1VB2SB) BBS NRENGT IGE NEINGO NG) (42) 43 4A) ASN46AINCABY 4S) +GOVGINEZKES) SALES YEENE?) 
Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 
port P8& port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 


Note : 32K Bytes for M37703MDBXXXSP 


YALNMWODVJOUIJIN SOW) LIE-9T dIHD-ATONIS 


dSXXX@dWEoZZeln 


dSXXXHEWEOLZEW 


SYUALNdMUWOVOUDIW IHSIGNSLIW 
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FUNCTIONS OF M37703M3BXXXSP 


' Parameter : Functions 


Number of basic instructions 103 


Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
eee RO 24K bytes 
. M37703M3BXXXSP 
RA 1024 bytes 
A 


M 
Memory size 
ROM 32K bytes 
M37703MDBXXXSP 
RAM - 1024 bytes 


PO, P1, P2, P5 8 -bitX 4 


Input/Output ports : ene 
P4, P6, P7 4 -bitX 3 





ee a 
UARTX2(One can be set clock synchronous serial I/O.) 


3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 ~ 7.) 

Supply voltage | 5 V+10% 

Power dissipation 95mW(at external clock 25MHz frequency) 
Input/Output voltage 5V 


Input/Output characteristic 
Operating temperature range . —20~85°C 
Device structure CMOS high-performance silicon gate process . 


Package 64-pin shrink plastic molded DIP 





Interrupts 
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PIN DESCRIPTION 


Power supply Supply 5 V£10% to Voc and 0 V to Vgsg. 






























































Vss 
CNVsgsg input Input Connect to Vss. 
RESET Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 
Clock input Input These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
+ tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xin pin 
Clock output Output and the Xour pin should be left open. 
E Enable output = Output Data or instruction read and data write are performed when output from this pin is “L”. 
BYTE Bus width selection input Input Connect to Vgs. 
AVcc, Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVsg to Vsg externally. 
AVss 
Reference voltage input Input This is reference voltage input pin for the A-D converter. 
PQo~~ P07 1/O port PO 1/0 Port PO becomes an 8-bit I/O port. An !/O directional register is available so that each pin can be prog- 
rammed for input or output. These ports are in input mode when reset. 
Plo~P17 1/O port P14 These pins have the same functions as port PO. 
P29~P27 1/O port P2 These pins have the same functions as port PO. 
P3o9~P32 \1/O port P3 These pins have the same functions as port PO. 
P49™~P4o, 1/O port P4 These pins have the same functions as port PO. 
P4, Port P4, can be programed for ¢,; output pin divided the clock to Xn pin by 2. 





I/O port P5 in addition to having the same functions as port PO, these pins also function as I/O pins for timer AO, timer 


Al, timer A2, and timer A3. 





1/O port P6 In addition to having the same functions as port PO, these pins also function as external interrupt input INTo, 


INT,, and INT» pins, and input pins for timer BO. 














1/O port P7 In addition to having the same functions as port PO, these pins also function as analog input ANo~ AN» and 


AN7 input pins. P77 also has an A-D conversion trigger input function. 











P8o~ P83, 
P8., P87 





1/O port P8& 1/0 In addition to having the same functions as port PO, these pins also function as RxD, TxD, CLK, CTS/RTS 


pins for UART 0, and as RxD, TxD pins for UART 1. 
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BASIC FUNCTION BLOCKS 

The M37703M3BXXXSP has the same functions as the 
M37703M2BXXXSP except for the following: 

(1) The ROM size is 24K bytes. 

(2) The RAM size is 1024 bytes. 

(3) Processor mode is only the single-chip mode. 
Therefore, refer to the section on the M37703M2BXXXSP. 


MEMORY 

The memory map is shown in Figure 1. 

The address space is 64K bytes from addresses 0i¢ to 
FFFFi¢. This 64K bytes address space is called bank 04. 
M37703M3BXXXSP can operate only in the single-chip 
mode. Therefore, the built-in ROM, RAM and control regis- 
ters for the built-in peripheral devices are assigned to bank 
O16. 


000000. 


V/) 

Yl devices 
control egas/// 
00007F 46 Z| 


000080,. 


00047F 4, Interrupt vector table 


A-D conversion 7 


UART1 transmission 7 ' 


UARTO transmission 7 


Watchdog timer 7 




















77 
--+ Peripheral devices 00A000,¢ 
oe control registers 
\ *** Internal RAM 
\ Internal ROM 


24K bytes 


(Note 1 ) 
-++ Internal ROM 


OOFF D616 


OOFFFF 16 





Note 1. Internal ROM of M37703MDBXXXSP is 32K bytes from addresses 8000,, to FFFF4.. 
2. The DBC is an interrupt for the exclusive use of the debug control interrupt and is not used, usually. 





Fig. 1 Memory map 
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PROCESSOR MODE 

The processor mode register bit configulation is shown in 
Figure 2. M37703M3BXXXSP can operate only in the single- 
chip mode. Therefore, set bit 0 and 1 of the processor 
mode register to “00”. 


¢ BYTE pin 

Connect the BYTE pin to Vgg. 
¢ CNVszs pin 

Connect the CNVgzg pin to Vgg. 


Address 


Processor mode register 5E 16 


Processor mode bit 


These bits shall be “00”. 


(These are set to “00” after a reset.) 


Not used 


Software reset bit 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit 
00 : Select 1/f(Xin) X14 
01 : Select 1/f(Xin) X 8 
10 : Select 1/f(Xin) X 4 


1 1 : Not select 


Test mode bit 


This bit must be “0” 


Clock ¢, output selection bit 


0 : No ¢, output (P4, for I/O port) 


1 : $1 output (P4, for ¢, output) 


Fig. 2 Processor mode register bit configulation 


ADDRESSING MODES 

The M37703M3BXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703M3BXXXSP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 





DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M387703M3BXXXSP mask ROM order confirmation form 
(2) 64P4B mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


ae eers 
Input voltage RESET, CNVss, BYTE 
Input voltage POQg~P07, Plp~P17, P29~P27, P3p~P3e, 
Vi P49~P42, P47, P5p~P57, P62~P6s, —0. 3~Vec+0. 3 V 
i oe 
































Output voltage PQo~P07, Plo~Pt17, P29 ~P27, P89~P3o, 
P49~P42, P47, P5g~P57, P62~P6s, —0. 3~Vec +0. 3 

Power dissipation Tg=25 

Operating temperature 


Storage temperature Ze 























RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—20~85T, unless otherwise noted) 


Limits 
Symbol Unit 
Min. Typ. Max. 


Supply voltage 4.5 | 5.0 | 55 | Vv | 
| AVcc | Analogsuppy voltage | lo | 
i Wee 
ewe | 


-High-level input voltage PO g~P07, Pl9o~P17, P29~P27, P89~P32, P4p~P4o, 
Vin P4,, P§9~ P57, P62-~~P6s, P79~P7o, P77, 0. 8Vocc Voc 


P8~ P83, P8., P87, Xin, RESET, CNVss, BYTE 
lon(peak) = 


V 

Vv 

Vv 

Vv 

V 

Low-level input voltage PO p~P0;, Plo~P17, P29~P27, P39~P32, P4o~ P42, 

Vv 
mA 
mA 
mA 













Parameter 



























P4,, P59~P5r, P62~P6s, P7o~P7o, P77, P89~ P83, 
P85, P87, Xin, RESET, CNVgs, BYTE 
High-level peak output current POo~P07, P19p~P17, P29o~P27, P89~P32, 
P49~P 42, P47, Php ~P57, P62~P6s, 
P79~P72, P77, P89~P83, P8., P87 
High-level average output current POg~PO07, P1o~P17, P29~P27, P39~P32, 
P49~P42, P47, Pip ~P57, P62~P6s, 
P7)~P72, P77, P8g~P8z, P85, P87 ale 
Low-level peak output current POg~P07, Plo~P17, P29o~P27, P89~P32, 
P49~P42, P47, P5gp~P57, Pé2~P6s, 
P79~P72, P77, P89 ~P83, P8., P87 
Low-level average output current POg~P07, Pip~P17, P29~P27, P389~P3o, 
lov(avg) P4y~ P42, P47, Pip ~P57, P62~P6s, 
P7y~P72, P77, P897~P83, P86, P87 


(Xin) External clock frequency input ae eae, 25 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
































loH(avg) 












lou(peak) 























| 
o1 oO (o) 
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ELECTRICAL CHARACTERISTICS (Voc™5V, Ves=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 


Parameter Test conditions 








High-level output voltage POg~P07, P1o~P17, P29~P27, 
P39, P31, P4o~P42, P4z, 
P5o9~ P57, P62~P65, P79 ~P7o, 
P77, P89 ~P83, P85, P87 


High-level output voltage P3> lonx=—10mMA 


Vou High-level output voltage E lon=—10mMA 


lon= —i0mA 


Low-level output voltage POQg~P0;, Ptp~P17, P29~P2z;, 
P30, P33, P4o~ P4o, P4,, 
P59~P57, P62~P6s5, P7o~P7o, 
P77, P89~P83, P8¢, P87 


Low-level output voltage P32 


loL=1 OmA 











Low-level output voltage E 
Hysteresis TAQw~TA3y, TBO, INTo~INTo, 
ADrtrg, CTS, CLKo 

Hysteresis RESET 

Hysteresis Xin 

High-level input current POp~P07, Plo~P17, P29~P27, 
P3o9~ P32, P49~P42, P4z, 
P5o~P57, P62~P6s, P79>~P72, 
P77, P89~P8s3, P86, P8,, 
Xin, RESET, CNVgs, BYTE 

Low-level input current POg~P07, P19p~P17, P29~P2;, 
P39~P32, P49 ~P 42, P4z, 
P5o~P57, P6g~P65, P79~P72, 
P77, P89 ~P83, P8¢, P87, 
Xin, RESET, CNVss, BYTE 

f(Xin) =25MHz, 

In single-chip mode | square waveform 

output only pin is Ta=25C when clock 

open and other pins | is stopped. 

are Vss during reset. | T,=85°C when clock 


is stopped. 





























Power supply current 


















































Vaer 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
External clock input | | 










External clock input cycle time —- 
twoH) External clock input high-level pulse width fis || 


twit) External clock input low-level pulse width 
External clock rise time fe eat 
External clock fall time | 


tc 
tr 





Symbol . Parameter 





tsu(Pop—e) 


3 << 


tsu(e1D—e 


) 
tsu(p20—e) 


__Min._| 
Port PO input setup time | 60 | 
| 60 | 
| 60 | 


th(e—pap) Port P3 input hold time . 
th(e—p4p) Port P4 input hold time 
thc e—psp) Port P5 input hold time 
th(e—rep) Port P6 input hold time 
thc e—P7pD) Port P7 input hold time 
thi e—psp) Port P8 input hold time 


5 
n 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAMsinpurevcla ine 





TAiiy input high-level pulse width 
TAi\y input low-level pulse width 





Timer A input (Gating input in timer mode) 


Symbol Parameter 
to(Ta) TAiiy input cycle time 

















tw(TAH) TAiin input high-level pulse width 
tw(TAL) TAin input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


ymbo arameter ; Min. nl 
to(Ta) TAi\y input cycle time 


TAiwy input high-level pulse width 80 | 
TAin input low-level pulse width | 80 | 

















Timer A input (External trigger input in pulse width modulation mode) 


Unit 


Parameter 








| Min. | Max. 
tw(TAH) TAiiy input high-level pulse width | so | | 
380 | 


tw(TAL) TAi input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


Symbol Parameter 





tccup) TAiour input cycle time 








tw(uPH) TAiour input high-level pulse width 








tWw(uPL) TAiour input low-level pulse width 


TAiour input setup time 
th(ty-UP) TAigur input hold time 
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Timer B input (Count input in event counter mode) 


TBiyy input cycle time (one edge count) a ae 
TBi)y input high-level pulse width (one edge count) | 40 | | 
TBijy input low-level pulse width (one edge count) | 40 | - | 










TBiy input cycle time (both edges count) 


TBiy input high-level pulse width (both edges count) 
TBijy input low-level pulse width (both edges count) | 80 | 


Timer B input (Pulse period measurement mode) 


TBi,y input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Tin. [Max 
a a 
io 
“ie 












TBiy input high-level pulse width 





TBiy input low-level pulse width 


A-D trigger input 


ADrac input cycle time (minimum allowable trigger) 1000 
ADrrg input low-level pulse width 





Serial I/O 


CLK; input cycle time aa 
CLK; input high-level pulse width | 100 | | 













TxDj output delay time ea 
TxDj hold time ie es 
RxDj input setup time 
RxDj input hold time | 90 | 








External interrupt INT; input 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V£10%, Ves=0V, Ta=25C, f(Xiy)=25MHz, unless otherwise noted) 


ae 
tw 
eed 
as 
Eons 










td(e—¢1) 








Fig. 3 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 





2—270 


f(Xin) 


mi 


Port PO output 


tr tf te 


| A PR | -\" On 


Big lia 


( 


tsu(Pop—E) 
Port PO input ! Ey th(e—Pop) 
ay td(e—P1aQ) 
Port P1 output X 
tsu(p1p—e) 
Port P1 input \ tice=eiu) 
bd td(e—p2q) 
Port P2 output |X 
tsu(p20—e) 
Port P2 input i th(e—p2p) 
Ee) td(e—psa) 
Port P3 output x 
tsu(psp—e) 
Port P3 input | \ th(e—P3pD) 
= td(e—p4q) 
Port P4 output x 
tsu(pap—e) 
Port P4 input i th(e—pap) 
big td(e—psa) 
Port PS output iB. 
tsu(psp—e) 
Port P5 input | \ thi e—Psp) 
| | td(e—pea) 
Port P6 output DB. 
tsu(pep—e) 
Port P6 input ie th(e—pep) 
—\ td(e—p7a) 
Port P7 output e. 
tsu(p7D—E) 
Port P7 input a th(e—p7p) 
= td(e—Psa) 
Port P8 output D 
tsu(psp—e) 
Port P8 input | th(e—psp) 
?4 


tel 


td(e-¢}) 
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tera) 


TAi input 


TAiour input 


TAiout input (| 
(Up-down input) 


In Event counter mode 
TAiiy input 
(When count by falling) 
Seal Sai 
me beocheach 
(When count by rising) 


te(TB) 





TBin input 


teva) 


te(ck) 


thic—a) 


RxDj 


twain) 


twink) 


Test conditions 

, Voc=5V+10% 

- Input timing voltage: V\_=1.0V, Vin=4. OV 

* Output timing voltage > Vo_=0. 8V. Von=2. OV 








M37703M4-XXXSP and 
M37703S4SP are unified respectively into 
M37703M4AXXXSP and M37703S4ASP. 
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DESCRIPTION | . 
The M37703M4AXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
The differences between M37703M4AXXXSP, M37703M4B 
XXXSP, M37703S4ASP and M37703S4BSP are the ROM 
size and the external clock input frequency as shown be- 
low. Therefore, the following descriptions will be for the 
M37703M4AXXXSP unless otherwise noted. 












|__Typename | ROM size _| sternal cock input requency 
|M37703M4AXXxSP| 32K bytes | T6MHz 
M37703M4BXXXSP 
M37703S4ASP 
|Ms77o3sapsp_ | extemal | 25MHz_ 


The M37703M4AXXXSP has the same functions as the 
M37703M2AXXXSP except for the memory size. 


FEATURES 

@ Number of basic instructions:::::--+-+-++7+-+7rrreereee eee 103 

@ Memory size ROM Pee cern racer ere recrereeccreesees 32K bytes 
RAM Cece e cree emer eee re esc ecsenereoes 2048 bytes 


@ Instruction execution time 
M37703M4AXXXSP, M37703S4ASP 
(The fastest instruction at 16 MHz frequency)::::-: 250ns 
M37703M4BXXXSP, M37703S4BSP 
(The fastest instruction at 25 MHz frequency)-::--: 160ns 


& Single power supply selaveters acareioia-e o aiale arenes Sains eee ote Mee 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 
Peebsandune buy satedeanwetss tue coethvuns tug weosend sovewteaeay 6O0mW (Typ.) 
@ Interrupts See eee cece eee n cece ee easewnseeesrereees 19 types Fé levels 
-@ Multiple function 16-bit timer. oYasor averse. bale Stelaue ales auelsies enh ieee e 5+3 
@ UART (may also be synchronous) echiesaiones oeieaawmmawededed 2 
@ 8-bit A-D Converter ss rte eee 4-channel inputs 
@ 12-bit watchdog timer 
e Programmable input/output 


(ports PO,‘P1, P2, P3, P4, P5, P6, P7, PB): 53 


PIN CONFIGURATION (TOP VIEW). 




























AVcc Voc 
Veer > ++ P8o/CTSo/RTSo 
AVss +> P8,/CLKy 
P7,/AN7/ADrag ++ P85/RxDo 
P7>/AN> +> +> P83/TxD, 
P7,/AN, > ++ P8_/RxD, 
P7,/ANy + <= = +> P8,/TxD, 
P65/TBOn + ra = +> P0o/Ao 
P64/INT2 +> Se. i3 +> PO/Ay 
P63/INT; + fo +> PO2/Ap 
P6,/INT, w > + P03/Ag 
P5,/TASin 6 os > P0,/A, 
P5¢/TASour a rf +> P0s/As 
P55/TA2in U U +> P06/Ae 
P5,4/TA2our > +> P0,/A, 
P53/TA1 ny ++ P1,/Ag/Ds 
P5./TAlour > + P1,/Ao/Ds 
P5,/TAQy + + P15/Aio/Dig 
P59/TAQour +> zz > P13/Ay;/Ds; 
P4,/DBC* + OS © P14/Aq2/D42 
Pal 61 3 2 +> P15/Ai3/Dig 
P4,/RDY ++ QP OD + P16/Ai4/Di4 
P4,)/HOLD + es) > > P17/Ai5/D45 
BYTE — oe > P2o/A16/Do 
CNVss > P2,/A17/D; 
RESET > > P25/A19/D> 
Xin 4+ P23/Ai9/Da 
Xour — ++ P24/Aoo/D4 
E+ +> P25/Ao;/Ds 
Vss + P26/Ao0/De 


+> P27/Ao3/D7 
+> P3,/R/W 










Outline 64P4B 


*: Used in the evaluation chip mode only 


APPLICATION 

Control devices for office equipment such as copiers, print- 
ers, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


NOTE | 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
crocomputer. 


The M37703M4AXXXSP and M37703S4ASP satisfy the 


timing requirements and the switching characteristics of 
the former M37703M4-XXXSP and M37703S4SP. 
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FUNCTIONS OF M37703M4AXXXSP 


M37703M4AXXXSP, M37703S4ASP 250ns (the fastest instruction at external clock 16MHz frequency) 























‘Memory size . 
P3 


PO, P1, P2, P5 8 -bitX 4 


Input/Output ports 


3 -bitX 1 


TAO, TA1, TA2, TA3, TA4 16-bitX 5 (4 Input/Output functions 


: ( : e 
Instruction execution time 
M37703M4BXXXSP, M37703S4BSP 160ns (the fastest instruction at external clock 25MHz frequency) 
er ions) 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 (1 Input function) 
) 


P4, P6, P7 4 -bitX 3 


Serial |1/O UARTX2(One can be set clock synchronous serial I/O 


A-D converter | | 8 -bitX 1 (4 channels 
12-bitX 1 
3 external types, 16 internal types 
Interrupts ; or 

Each interrupt can be set the priority levels to 0 ~ 7.) 


Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 









Watchdog timer 











( 
Power dissipation . 60mW(at external clock 16MHz frequency) 


Input/Output characteristic 
Output current 5mA 


Operating temperature range —~20~85°C 





Supply voltage 5V+t10% 






64-pin shrink plastic molded DIP 
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PIN DESCRIPTION 






























































Pin Name Input/Output Functions 

Vec: Power supply Supply 5 V+10% to Vcc and OV to Vss. 

Vss 

CNVss CNVssg input Input This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 

RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 

Xin Clock input Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 

Xout Clock output Output and the Xour pin should be left open. 

E Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 

AVcc, Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVsgsg to Vsg externally. 

AVss 

VRer Reference voltage input input This is reference voltage input pin for the A-D converter. 





1/O port PO In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 


1/O port P41 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D,s~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 





I/O port P2 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Dg) is input or output when E output is “L” and an address(Az3~Aj6) is 
output when E output is “H”. 








I/O port P3 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 





1/O port P4 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xiy pin by 2. in microprocessor mode, P4, always has the func- 
tion as ¢, output pin. 





1/O port P5 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 








1/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT,, and INT» pins, and input pins for timer BO. 











1/O port P7 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~ANz2 and AN; input pins. P77 also has an A-D conversion trigger input function. 











P89~ P83, 1/O port P8& In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
P85, P87 TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 
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BASIC FUNCTION BLOCKS 

The functional differences between the M7703M4AXXXSP 
and M37702M4AXXXFP are described below. The 
M37703M4AXXXSP has the same functions as_ the 
M37702M4AXXXFP, except these points. Refer to the sec- 
tion on the M37702M4AXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


000000;¢ 000000, 
00007F\, 
000080), 
Bank 04. . Internal RAM Peripheral devices 
2048 bytes control registers 
OOFFFFi6 


01000016 
00087F i 


Bank i. 


O1FFFFi¢ 


Interrupt vector table 


UART1 transmission 
UART1 peceive 


BaRTO receive 


internal ROM 
FE00O0 
32K bytes 


Bank FEi¢ = Timer At Al 


FEFFFF\¢ 


FFOQOOO,, INTo 
Watchdog timer 


k FF \ | face IO BOe ces =) 
Bank FF - OOFFD6:6 
\ 

FFFFFFi¢ OOFFFFi¢ tee RESET 





Fig. 1 Memory map 
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A-D CONVERTER 

Analog signals are input through four channels, ANo, AN,, 
AN» and AN;. In one-shot mode and repeat mode, select 
one on ANo, AN,, AN», and AN? as analog input by the ana- 
log input selection bits (bits 2, 1 and 0) of A-D control reg- 
ister. Set the bits of the directional registers for ports cor- 
responding to analog input channels ANs3, ANy, ANs and 
AN, not having pins to “1” (output mode) and output “0” to 
the ports. 

In the single sweep mode and repeat sweep mode, the 
M37703M4AXXXSP operates the same as the M37702M4A 
XXXFP. Set the directional register bits of ports corres- 
ponding to ANO, AN1, AN2, and AN7 to “0” (input mode), 
and the bits of the directional registers for ports corres- 
ponding to AN3, AN,, ANs and ANg not having pins to “1” 
(output mode), and output “0” to the ports. In the single 
sweep mode and repeat sweep mode, the contents of A-D 
register bits corresponding to analog input channels ANs, 
ANg, ANs, and ANg not having pins are undefined. 


TIMER 

Since timer A4 has no input/output function and timer B1, 
B2 have no input function, timers A4, B1 and B2 operate 
only in timer mode. Therefore. only clock source can be 
selected by the bits 7 and 6 of timer mode register for 
each of timers A4, B1 and B2. The bits of timer mode regis- 
ter must be “O” except for the clock source selection bits. 
Other timers AO, A1, A2, A3 and BO have the same func- 
tions as the M37702M4AXXXFP. 


Table 1. 












M37703M4AXXXSP 


Ce 






Parameter 
Input/Output ports 





i ee ee oe a ad 








with Input/Output ports 
only timer mode 


Timer 





with Input ports 
only timer mode 








Serial I/O 
UARTX 1 
8 -bit* 1 ( 4 channels) 











A-D converter 





(without HLDA) 


(UART or clock synchronous serial I/O) X 1 


SERIAL I/O 

UART1 has only the asynchronous serial communication 
function and no clock synchronous serial Communication 
function. Therefore, do not select the clock synchronous se- 
rial Communication function (“001”) by the serial com- 
munication method selection bits (bits 2, 1 and 0) of UART1 
transmit/receive mode register. Since UART1 does not 
have the functions of CTS and RTS, the CTS and RTS 
selection bit (bit 2) of UART1 transmit/receive control reg- 
ister 0 must always be “1”. UARTO has the same function as 
the M37702M4AXXXFP. 


INPUT/OUTPUT PINS 

The port registers and directional registers for ports P4, P6, 
P7 and P8 have eigtht bits, the directional register bits hav- 
ing no pins must always be set to the output mode. Since 
port P33 is not available as a pin although it has port regis- 
ter and directional register, port P33 must be set to the out- 
put mode. 


ADDRESSING MODES 

The M37703M4AXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703M4AXXXSP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M87703M4AXXXSP mask ROM order confirmation form 
(2) 64P4B mark specification form 

(3) ROM data (EPROM 8 sets) 


The functional differences between the M37703M4AXXXSP and M37702M4AXXXFP 






M37702M4AXXXFP 


Ce es 


(with HLDA) 


























16-bitx 4 | Timer A---------- 16-bitX 5 
16-bit 1 
16-bitX 1 


16-bitX 2 


with Input/Output ports 








ay 


with Input ports 16-bit 3 


(UART or clock synchronous serial !/O) X 2 


8 -bit< 1 ( 8 channels) 
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ABSOLUTE MAXIMUM RATINGS. 


Analog supply voltage _OOOCOCSC“‘“RSSC‘=SOBE Vv 
input voltage RESET, ONVss, BYTE a 
| . V 

P79~P7o, P77, P89~P8s3, P8e, P8,, Xourt: E 


Input voltage POo~ P07, P19~P17, P29 ~P27, P39~ P32, 
Vi 
[Pg | Power dissipation 1000 


P49~P4o, P4, P5o~ P57, P62~P6s, 
P79~P72, P77, P89~P83, P8¢, P87, Vrer, Xin 
Tea | 
Serr ee ie eae 
Saadisi sie ee ee 



























































~—(), 3~Voc +0. 3 ; V 
Output voltage PQ9~P07, Pip~P17, P29~P27, P39~P32, 
P49~P 4p, P4,, P59~ P57, P62~P6s, 






—0. 3~Voc +0. 3 























High-level input voltage POg~PO07, P39p~P32, P4o9~P42, P47, P59 ~P57, 
P62~P6s5, P7>~P72, P77, P89 ~P83, 0. 8Vcc 
P8,, P87, Xin, RESET, CNVgs, BYTE 
High-level input voltage P19p~P17, P29~P27 

(in single-chip mode) 





0. 8Vcc Voc 


High-level input voltage P1o~P17, P20~P27 (in memory expansion 
Vin A 0. 5Vcoc Voc 

mode and microprocessor mode) 
Low-level input voltage PO 9~P0,, P39~P3p, P49~P42, P47, P5p~P57, 
Vit P62~P65, P79>~P72, P77, P89~P83, P86, P87, 0 0. 2Vcc 
Xin, RESET, CNVss, BYTE 
Low-level input voltage Plp~P17, P29~P27 


(in single-chip mode) 
























Low-level input voltage P1p~P17, P29~P27 (in memory expansion 





mode and microprocessor mode) 
High-level peak output current POg~P07, Plo~P17, P29~P27, P39~ P32, 

P49~P4o, P47, P5g~P57, P62~P6s, 

P79~P72, P77, P89~P83, P85, P87 

High-level average output current POg~P07, Plgp~P17, P29~P27, P3p~P32, 
lon(avg) P4o~P 42, P47, P5p~P57, P62~P6s, 

P79~P72, P77, P89~P8s, P8, P87 
Low-level peak output current POQg~P07, Plg~P17, P29~P27, P3p~P3b, 
lou(peak) P4o~P4o, P47, P5g~P57, P62~P6., 
P7o~P72, P77, P89~ P83, P86, P87 
Low-level average output current POgo~P07, Plg9~P17, P29~P27, P39~P3z, 
lo.(avg) P4g~P42, P47, P5g~P57, P62~P6s, 
P79~P72, P77, P89~P83, P8&¢, P87 


M37703M4AXXXSP, M37703S4ASP 
f(Xin) External clock frequency input 
M37703M4BXXXSP, M37703S4ASP 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Voc=5V, Vss=0V, Ta=25C, £( Xin) =16MHz, unless otherwise noted) 


Parameter 


High-level output voltage PO9~P07, Plo~P17, P29~P27, 
P39, P3,, P49~P42, P47, 
P59~P57, P62~P6s, P79~P72, 
P77, P89 ~P8s3, P86, P87 

High-level output voltage PO9~P07, Plo~P17, P2p~P2z7, 
P39, P3; 


2 lon=—10mA 
High-level output voltage P32 
lon=—400uA 
: = lon=—10mA 
High-level output voltage E 


Low-level output voltage PO 9~P07, Pigp~P17, P29~P2;, 
P39, P31, P4g9~P4o2, P47, 
P§9~P57, P62~P65, P7o~P72, 
P77, P89~P83, P8., P87 

Low-level output voltage POg~P07, Plig~P17, P29~P2;, 
P39, P3; 


VoL 








Low-level output voltage P32 


Low-level output voltage E 


Hysteresis HOLD, RDY, TAQin~TASin, TBO, 
INTo~INT2, ADtRe, CTSo, CLKo 


Vr4—Vy— | Hysteresis RESET 





Test conditions ; 
Min. 


lon=— 10mA 





lon=—400uA 











lol =2mA 
loL= 10mA 
lo. =2mA 








i | a ae 


High-level input current POg~P07, P19~P17, P29~P27, 
P39~P3p, P4p~P4o, P4,, 
P5o~P5;, P62~P6s, P79~P7o, 
P77, P89 ~ P83, P8,, P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current POg~PO7, P19p~P17, P29~P2;, 
P39~ P32, P4g~P4o, P47, 
P5o~ P5,, P62~ P6s, P79~P7o, 
P77, P89>~P83, P8., P87, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage 


Power supply current 


Parameter 





Resolution 


ma 
=0V 


Vi= 


When clock is stopped. 


In single-chip mode | square waveform 

output only pin is 

open and other pins | is stopped. 

are Vss during reset. | T,=85'C when clock 
is stopped. 











Test conditions 


Vrer= Vcc 





Absolute accuracy 
Ladder resistance 
Conversion time 

Reference voltage 





Analog input voltage 





Vrer= Voc 


Vrer= Voc 
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M37703M4BXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Ves=0V, Ta=25C, f(Xjy)=25MHz, unless otherwise noted) 


= Limits 
Symbol Parameter Test conditions zs 
; f yp. 


High-level output voltage POp>~P07, P19~P17, P29~P27, 
P3p, P3), P4o~ P45, P4,, 

P5o9~ P57, P62~ P6s, P79~ P7o, 
P77, P89 ~P83, P8., P87 


High-level output voltage PO9~P07, Plo~P17, P29~P27, 
g p g 0 7, Flo 7, Po 7 lon=—400 2A 4.7 
P39, P3, 


High-level output voltage P3 serena an 
igh-level output voltage 

= lon=—10mA 3.4 
von | High-level output voltage E oF 3.4 


V 
V 
V 
lon= — 400A 4.8 
Low-level output voltage POQo~P07, Plo~P17, P29~P27, 
V 
V 
V 
























j Von lon=—10mA 3 


































P3o, P3,, P4p~P4o, P4,, 

P59~ P57, P62~ P6s, P7o~P7o, 
P77, P8o~ P83, P86, P87 
Low-level output voltage PQ9~P07, Plo~P17, P29~P2z, 
P30, P3, 






loL= 10mA 


loL= 10mA 


loL=2mA 
0. 4 











vn | Low-level output voltage P3, 


OH 
OH 
OH 
OL 
OL 
OL 
OL 


Low-level output voltage E 
Hysteresis HOLD, RDY, TAOjj~TA3in, TBOw, 
Vy+—Vr- 


INTo~INT2, ADtag, CTS, CLKo 
Hysteresis RESET 
Hysteresis Xj, 
High-level input current POg~PO07, Plo~P17, P29~P27, 
P39~ P3o, P49p~P4o, P4,, 
P59~P57, P62~P6s, P79~P72, 
P77, P89~ P83, P8e, P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POp~P07, P19~P17, P29~P27, 
P39~ P32, P49~P 4p, P4,, 
P59~P57, P62~P6s5, P7>~P72, 
P77, P8)~ P83, P8e, P87, 
Xin, RESET, CNVgg, BYTE 







































(oo) [o) 
CO} ‘ . 
. . aw a 
Win _ w o1 





























a 
BS 
> 

















[When clockisstopped ——=Ss=~=<“‘*é‘“TSC;*~*‘SSC“‘é‘C#*iS OC 
f( Xin) =25MHz, 
square waveform 
Tag=25°C when clock 
is stopped. 
Ta=85C when clock 
is stopped. 









RAM hold voltage 


















In single-chip mode 
output only pin is 
open and other pins 








Power supply current 


are Vsg during reset. 














Vrer= Voc 


Ladder resistance Vrer= Voc 
Conversion time 
Reference voltage 

Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
External clock input 


Symbol Parameter 


tc External clock input cycle time 


tw.) External clock input low-level pulse width 25 


bit =e External clock rise time 
te | External clock fall time 


External clock input high-level pulse width 








Single-chip mode | | 


Limits 
Symbol Parameter 16MHz 25MHz Unit 
Min. Max. in. : 


Port PO input setup time 
gl Te se mas 
Port P2 input setup time 
Port P3 input setup time 
ee 
E) i 
E) 












= 
= 











Port P7 input setup time 100 

Port P8 input setup time 100 
Port PO input hold time 
Port P1 input hold time 








oO 








oO;O 







Port P5 input hold time 
thi e—Pep) Port P6 input hold time 
Port P7 input hold time 


th(e—psp) Port P8 input hold time 





3] 
x 











Memory expansion mode and microprocessor mode 


Port P2 input setup time 
RDY input setup time 6 








Port P1 input hold tinte 
Port P2 input hold time 


th( ¢,—RDyY) RDY input hold time 





=! 0 
HOLD input setup time 60 











th(¢,—HOLD) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


TAiin input cycle time 
TAiw input high-level pulse width 
TAiin input low-level pulse width 




















Timer A input (Gating input in timer mode) 


TAiin input cycle time 
TAiwy input high-level pulse width 
TAiwy input low-level pulse width 250 











Timer A input (External trigger input in one-shot pulse mode) 


| | | Min. | Max. | | Max. 
TAiy input high-level pulse width | 125 | | P| 
fo ee 


TAin input low-level pulse width 


















Timer A input (External trigger input in pulse width modulation mode) 









| 
Symbol Parameter 16MHz 25MHz 


TAi input high-level pulse width 
TAiin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


| TAiour input cycle time . | | | | ons | 
mR TT TT nn 
Cie had emotive ee 
is meg em ee 
pias ee eng ee ne 
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Timer B input (Count input in event counter mode) 


Symbol 


= 
tw(tBL) 










Parameter 











TBO, input cycle time (one edge count) 












TBOww input high-level pulse width (one edge count) 





TBO input low-level pulse width (one edge count) 










TBOww input cycle time (both edges count) 








TBOw input high-level pulse width (both edges count) 











TBOw input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 





Parameter 














tco(TB) TBOw input cycle time 








tw(1TBH) TBOww input high-level pulse width 














tw(TBL) TBOw input low-level pulse width 





Timer B input (Pulse width measurement mode) 





Parameter 


to( TB) TBOw input cycle time 500 
tw(1TBH) TBOw input high-level pulse width 


tw(TBL) TBO input low-level pulse width 








A-D trigger input 


Symbol Parameter 














tco(ab) ADrag input cycle time (minimum allowable trigger) 














tw(abdL) ADrrg input low-level pulse width 


Serial I/O 


Symbol Parameter 








sce a peter 
tc(cK) CLKg input cycle time 








twicknH) CLKg input high-level pulse width 





twicKL) CLKo input low-level pulse width 














td(c—a) TxD y output delay time 











ears fs 
thic—a) TxDo hold time 








tsu(p—c) RxDo input setup time 

















thic—p) RxDo input hold time 


External interrupt INTj input 





Parameter 











twiinH) | INT; input high-level pulse width 




















tunes INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 


Port PO data output delay time 














Port P1 data output delay time 
Port P2 data output delay time 
Port P3 data output delay time 
Port P4 data output delay time 
Port P5 data output delay time 

td(e—rea) 























Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol Parameter Test conditions 16MHz 25MHz Unit 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE="L”) 
Port P1 address output delay time 
Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
ALE output delay time 
ALE pulse width 
BHE output delay time 
R/W output delay time 
Port PO address hold time 
Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H” 
th(e—BHE) BHE hold time 
E pulse width 





f 
oO 


aS 











Ww 
NO 
iD) 








om 
a 


Ww 
oO 
NO — — —_ 
(o) O11 NM O01; RN NO 


N 
o) 





a 
oO 
=) 
n 


N 
O1 











N 
ol 


— 
lee) 


» 
oOo 


NTN 
o1; Ol 
n 


ee) NO 
©O | © oO 
—_ Se 
co} o 











joe) 


© 
oO 





jan) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Symbol Parameter 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 


Port P1 floating start delay time (BYTE=“L”) 
td(p1a—e) Port P1 address output delay time 


ALE output delay time 
BHE output delay time 


R/W output delay time 
¢@, output delay time 


thc e—poa) Port PO address hold time 
eee Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
th(e—P1A) Port P1 address hold time (BYTE=“H”) 





texz(e—P1z) 

















thce—p1aQ) 








tezx(e—P1z) 














thiceAw R/W hold time 
tw(eL) E pulse width 


Test conditions 


Fig. 2 Testing circuit for ports PO~P8, ¢, 


AS 
ol 





— _—, —— 
O1] RO OT} DO NO 


N 
i=) 


+ 
oO 





pe) 
© 





ho 
oO 
[ood an) 





N) 
on 
CO} | & | | CO; © 


NOR N 
1} or} wy} 


NO 
O01) © 


—|N 
co; oO 
1c} 0 








NO} a 
DP) 
CG | 2 
Ww 
© 





NO 
RO 
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TIMING DIAGRAM — ee oa 
ingle-chip mode ja . pais W(H) wil) 
1% Caw, ¥ 

E 


Port PO output x . 


tsu(Pop—e) 


Port PO input | th(e—pop) 
ming td(e—P1Q) 


\ 


tsu(p1p—e) jess 


Port P1 input i th(e—p1D) 


y td(e—p2q) 


Port P1 output 


Port P2 output \ 
tsu(p2p—e) 
Port P2 input Lg thie—p2p) 
Ey, tdie—p3a) 
Port P3 output B: 
tsu(p3p—e) a 
Port P3 input a thie—psp) 


td(e—paq) 


>< 1 


Port P4 output 


tsu(pap—e) _— 


Port P4 input th(e—pap) 


td(e—psa) 


>< 


Port PS output 


tsu(Psp—e) ‘oa 


Port P5 input th(e—psp) 


td(e—peq) 


Sof be 


Port P6 output 


teutreo—e) pare 


Port P6 input th(e—pep) 


eS 
ng td(e—p7aq) 
x 


Port P7 output 


tsu(p7D—e) pas 


Port P7 input . \ thi ' 
E—P7D 
a | td(e—psa) 
- Port P8 output Xx 
tsu(pap—e) ae 
Port P8 input ia thie—psp) 
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a 





TAiwn input | 









tw(uPH) 


TAiout input 


TAiourt input 
(Up-down input) 


in Event counter mode 


TAiyy input 
(When count by falling) 

— wz 
(When count by rising) 


TBOw input 





teva) 









tw(abc) 


ADrag input 





te(cKx) 


—— 


CLK 
as oa 
or 
tsu(p—c) thic—p) 
tence 
RxDo 


twant) 


INT; input 
twaNnH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


dy 


mi! 
~ 


RDY input 


tsu(apy—¢,)|_ th(¢,;—roy) 


(When wait bit = “0”) 


oy 


m| 
~ 


RDY input 


tsu(roy—¢,)) thi e,;—Roy) 


(When wait bit = “1” or “0” in common) 


g; 


thi ¢,—-HOLD) 
tsu(HoLo—¢ }) 


HOLD input 


Test conditions 
*Voc= 5 V+10% 
* Input timing voltage : V;.=1. OV, Vj4=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1") 


twit) twin) 


(Xin) 


i S _/ 
tdie-¢,) tsieoass 
E 


( Ago~A; ) 
chtace= Peale tezx:€—P1z) 







Port P1 output { Address || _ Address 
(Ag~A15/Dg~ Dis) 

Port P1 output Address > 

(Ag~Ais) 

(BYTE="H") Caan th(e—P1D) 


Port P1 input 
ALE~P2A) tezx( e—p2z) 


ti I 
Port P2 output { Address | BD. _ Address 
ee _ esac) c 

td(p2a—Ace) t 

tdie—p2a) —t-\ Ni €—P2p) 
Port P2 input 
tW(ace) 
a tdiace—e) 

Port P32 output 
(ALE) 





eee!) Papeeee 
(BHE) 
Idiaw=e) th(e—rR/w) 


Port P3, output 
(R/W) 
Test conditions 
*Voc= 5 V+10% 
- Output timing voltage > Vo. =0. 8V, Von=2. OV 
* Ports P1,P2 input > Vip =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed). 


tc 


f(Xiw) | v. 


l 


a 
td(poa—e) 
per a 
ee =a 


Port P1 output 
(Ag~ Ars/Dg~Dis) 
(BYTE=“L") 


i tezx(—e—P1z) 


ess Address 


Port P1 output 

es =» 
(BYTE=“H”") 

— thie—P1p) 


Port P1 input 





| tezx(e—P2z) 
Port P2 output ae 
(Aie~Ao3/Do~D7) (set Yo C= es Address 


N(ALE—P2A) 





tsu(p2p—e) 
[oe ALE) 
Port P2 input 
cee 
A ; tdiace—e) 
Port P3, output 
(ALE) : | 


tdi BHE-E) 
ee a Ge 
(BHE) 

tdir/w—e) 


thie— Rw) 





Port P39 output 
(R/W) 


Test conditions 

*Vec= 5 V+10% 

* Output timing voltage > Vo_=0. 8V, Voy=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Viy=2. 5V 
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M37704 GROUP 

The M37704 group has an enhanced timer function for motor 
control, and a general purpose microcomputer. 

This group can output the following : 


@6-phase PWM(Pulse Width Modulation) waveform 
@4-phase pulse motor waveform from 2 channels 


Accordingly, this group is suitable for control of AC induction 
motor, pulse motor, and so on. 


FEATURES 

@Motor control function 
*Ability to output 3-phase waveform ( the sum of positive 
and negative waveforms is 6 ) for AC motor drive 
*Dead-time timer built-in 
*Ability to use 4 pins X 2 channels as pulse output ports for 
pulse motor drive 

@Phase difference detection function 

@Choice of external clock input frequency : 16MHz; 25MHz 
versions for all types 

@Choice of wide operating temperature range ("E” version) 

@Available one time PROM version and windowed EPROM 
version 

@Peripheral functions 


C1 |] 6.0) 2 aeons a aC nena ae Pe eT er OME CT Men EN nL ea ne an ee 68 
SILO PUIOE as civeas ates ascceeun Soceriacntcanlareoneaet eet 19 types,7 levels 
eMultiple function 16-bit timer ......... cc cceccesssssessceeeeeeeeee 5+3 
«Serial I/O (clock synchronous / asynchronous) ............... 2 
*8-bit A-D Converter ...........ceecseccecceeeeeenees 8-channel inputs 


°12-bit watchdog timer 


APPLICATION 


Control devices such as Inverter type air conditioner, Genaral 
purpose inverter, Industrial sewing machine, Washing ma- 
chine. 


Type name 


Represent MELPS 7700 


Packa e type | 
; FP :QFP(0.8mm lead pitch) 
M377 O04 M 2 A XXX FP, FS :QFN(ceramic type) 
Reman size identification 


Group designation 


Memory identification 
M:Mask ROM*RAM 1 
E :PROM*RAM 
S :RAM(external ROM) 


& W P 


ROM |Group name| Memory size 
| type | + Memory (Byte) 


16K | 512 
24K | 1024 
32K | 1024 





M37704 group expansion 











FrequencyyTemp| Package 
«Supply Vol. 





[ROM| RAM 
ROM 





identification 


M37704M3 | 24K 
M37704M4 | 32K | 102 


can 
si 1k 512) @ 
Time 
PROM —| 


ih 








£& 


M37704E4 | 32K | 102 


16K 





M37704E2 





LCC 
(80D0) 
80-pin QFP 
(80P6N-A) 








@ : NOW 


Note 1. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 

2. Supply voltage of the wide operating temperature 
range’s one time PROM version with M37704E2 is 
4.75V—S5.25V. 

3. The external clock input frequency 25MHz version oper- 
ates only in the single-chip mode. 


* About PROM version, refer to “Chapter 3 PROM VER- 
SION”. 


| Me | Ss | 
acti eta ate 


A 


External clock input frequency 
(Operating temperature range) 
A :16MHz(Ta= —20C to +85C) 
B :25MHz(Ta= —20C to +85C) 
E :16MHz(Ta= —40C to +85) 
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DESCRIPTION 

The M37704M2AXXXFP and M37704S1AFP are single-chip 
microcomputers designed with high-performance CMOS 
silicon gate technology. These are housed in a 80-pin plas- 
tic molded QFP. These single-chip microcomputers have a 
large 16M bytes address space, three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. 
These microcomputers are suitable for office, business, and 
industrial equipment controller that require high-speed pro- 
cessing of large data. 

Also, the incorporated motor control circuit makes these 
microcomputers suitable for control of equipment that re- 
quires motor control. 

The differences between M37704M2AXXXFP and M37704S1 
AFP are the ROM size as shown below. Therefore, the fol- 
lowing descriptions will be for the M37704M2AXXXFP un- 


’ less otherwise noted. 
External clock input frequency 
16MHz 


16MHz 












ROM size 
16K bytes 
External 
















M37704M2AXXXFP 
M37704S1AFP 









PIN CONFIGURATION (TOP VIEW) 














2 B 

é c 
ee eS jALSS 
ZZ22Z22Z22Z22Z22 ed xk & 
feet itq 4 » |OOEE 
CMON MMS BS > OS OHO 
oooonaoco>et>e>0a0aAo 
ee Se ae ie aes Ge | tit? 
80 68} 67] [66 





























P79/ANg +> EE 
P6,/TB2iy +> 
P66/TB1in + 
P6s/TBOw + [4] 

P64/INT, +> 

P6,/INT, +> [6] 

P65/INTy +> 
P6,/TA4in +> 8) 

PEo/TAour/RTP1 ++ [21 
P57/TA3in + 110) 
P5¢/TA3Qur/RTPI > > [i] 
P§5/TA2iy/U/RTPI, - 
P§4/TA2Qur/V/RTPIy +> 
P5a/TAl /W/RTPOs + [ia 
PS/TAl out/U/RTPO2 +> 
P5,/TAQiny/V/RTPO, + [16] 
P5o/TA0 Qu T/W/RTP0g + 
P4, ++ 

P4, +> [19] 

P4, <> 

PA, + 

P4 ++ 

Pag/ 4 +> 

P4,/RDY «> 


- P0;/As 


ddvViSpOZZen 
JO 
dAaXxXxVeWPrOZZEew 
3) 
t 


+> P12/Ay5/D45 
44] +> P2/Ay6/Do 
= P2,/A17/D, 
++ P2,/Ai_/D> 
141] +> P23/Ay9/D3 

















40] 
Et tet ba ta ae 
DISTINCTIVE FEATURES a Sax oh ig zee SSeS 
@ Number of basic instructions: 103 > Ola =e rd S$$§ 
@ Memory size POM coccsecccesterteeeerotsesersenans 16K bytes a. aaaa 
7 \\\, 512 bytes 
@ Instruction execution time Outline 80P6N-A 
The fastest instruction at 16 MHz frequency -:::-::- 250ns 
) Single power supply Server rere reer cere e eee eee eee eee eee 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 
Siipb Wieser euikid in’ one Siuiecaleetaiaf ace 6O0mW (Typ.) APPLICATION 
@ Interrupts sree seeee sre 19 types 7 levels = Motor control devices such as inverter type air conditioners 
e Multiple function 16-bit LIME crc 5+3 and general purpose inverters 
(Three-phase motor drive waveform or pulse motor — Control devices for office equipment such as copiers, prin- 
drive waveform can be output.) ters, typewriters, facsimiles, word processors, and personal 
@ UART (may also be synchronous ) as Sele alebee ea eat a Aereciencstne’s y) computers 
@ 8-bit A-D converter -1r rrr 8-channel inputs 
@ 12-bit watchdog timer NOTE 
@ Programmable input/output Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)--- 68 rocomputer. 
The M37704M2AXXXFP and M37704S1AFP satisfy the 
timing requirements and the switching characteristics of 
the former M37704M2-XXXFP and M37704S1FP. 
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FUNCTIONS OF M37704M2AXXXFP 


Parameter 
Number of basic instructions 


Instruction execution time 250ns (the fastest instruction at external clock 16MHz frequency) 


ROM 16K bytes 
Memory size 
RAM 512 bytes 
PO~P2, P4~P8 8 -bitX 8 
Input/Output ports ; 
P3 4 -bitX 1 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
TBO, TB1, TB2 16-bit 3 
(UART or clock synchronous serial I/O) X2 


Serial I/O 


Watchdog timer 12-bitX 1 


Dead-time timer 8 -bitX 3 
3 external types, 16 internal types 










Functions 





























Interrupts 
P (Each interrupt can be set the priority levels to 0 ~ 7 .) 









Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 
60mW(at external clock 16MHz frequency) 


5V 






Supply voltage 












Power dissipation 


Input/Output characteristic 
5mA 


Memory expansion Maximum 16M bytes 


Operating temperature range —20~85°C 
80-pin plastic molded QFP 









Input/Output voltage 














Output current 
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PIN DESCRIPTION 


Power supply © 


CNVszg input 


9 | <5 
z 88 
n 
n 








Input/Output 





Functions 








Supply 5 V+10% to Vcc and 0 V to Vgsg. 


This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 















RESET Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 

Xin Clock input Input These are !/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xoyr. When an external clock is used, the clock source should be connected to the Xin pin 

Xout Clock output Output and the Xour pin should be ieft open. 

Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 

8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





Analog supply input 


AVss 


< 
Q 
e) 





















Power supply for the A-D converter. Connect AVcc to Voc and AVsgg to Vsg externally. 


























VREF Reference voltage input Input This is reference voltage input pin for the A-D converter. 

POo~P07 I/O port PO 1/O In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 

P1p~P17 1/0 port P1 1/O In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dys~Dg)is input or output when E output is “L” and an address (Ays~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 

P2 9~P27 I/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. in memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Az3~ Aig) is 

| output when E output is “H”. 

P39~P33 I/O port P3 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

P4)~P4;7 I/O port P4 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 









rocessor mode, P4) and P4; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 

















P59 P57 I/O port P5 i/O In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2 and timer A3. P59 to P5g also have the function as motor control output 
pins. 

P6o~ P67 I/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT; and INT2 pins, and input pins for timer BO, timer B1 and 
timer B2. P6 also has the function as motor control output pin, and P62 has the function as motor control 
pin. 

P79~P77 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 

1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as R,D, 


P89~ P87 1/O port P8 





TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 

The M37704M2AXXXFP contains the following devices on a 
single chip: ROM and RAM for storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, and other peripher- 
al devices such as I/O ports. Each of these devices are de- 
scribed below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0,, to FFFFFF,.¢. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 01. to FFi.. 

Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank Oj.. _ 


0000001. 


000000, 


The 16K bytes area from addresses C0001¢ to FFFFi¢ is the 
built-in ROM. Addresses FFD6,, to FFFF,, are the RESET 
and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 

The 512 bytes area from addresses 80;, to 27Fig¢ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0, to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 0,;, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


00007 Fi. 
000080. 


Peripheral devices 
control registers 


see Fig. 2 for 
further information 


Bank 046 Internal RAM 


512 bytes 
OOFFFFi¢ 


XN 
010000i¢ 00007F 1¢ 


00027 Fi¢ 
Bank 146 


O1FFFF\¢ 


Interrupt vector table 


/ A-D conversion 


UART1 transmission 
UART1 receive 
UARTO transmission 
UARTO receive 
Timer B2 ; 
Timer B1 
Timer BO 
Timer A4 
Timer A3 
Timer A2 
TimerA1 
Timer AO 
INT, 
INT, 
Watchdog timer 





FEO000i¢ 





Internal ROM 





FEFFFFi¢ 
FFO000;¢ 


16K bytes 





OOFFD6;¢ 
\ 


\ 


FFFFFFic OOFFFFi¢ 





Fig. 1 Memory map 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 




















































































































000000 000040 Count start flag 

000001 000044 
000002 000042 
000003 000043 | CC‘ 
000004 ‘| Port PO data direction regi 000044 
000005 000045 | 
000006 000046 [1 oe AO 

000007 000047 

000008 000048 
000009 000049 

00000A 00004A 
00000B 00004B 

00000C 00004C 
00000D 00004D 

00000F 00004F 

000010 000050 
000011 000051 

000013 | 000053 

000014 000054 
o000is | 000055 

oo0ig | 000056 
oo00r7— | 000057 
000019 000059 
00001B 00005B Timer BO mode register 

o0001ic | wt—(—is—i—‘“‘“‘“‘“‘it 00005C | Timer B1 mode register 

o0001iD | i rt—<“—ts—s———— 00005D_ | Timer B2 mode register 

00001E 00005 
00001F A-D sweep pin selection register OOO05F 

000020 A-D register 0 000060 Watchdog 

000021 | ee 000061 | Watchdog timer frequency selection flag 
000022 000062 
000024 A-D register 2 000064 Pulse output data register 1 

000025 [|  —————eeseseseses] 000065 | Pulse output data register 0 

000026 000066 

000028 =| A-D register 4 ooo06s | tt—(i—s—‘“‘“‘“‘itit 
000029 fo ooo0e9 | 
00002A oooogsA | ——(CsSCiszy 
00028 {| ooo0eB | —(ti‘“s‘“‘“‘és 
00002C ooo0sc | 
0002p [| oo0se> | 
00002E ooooese | —Cisi‘“CsSCiszy 
ooo02F | oooeeF | 
000030 000070 
000031 000071 
000033 000073 
000034 000074 
000035 000075 
000036 000076 
000037 000077 
000038 000078 
000039 000079 Timer A4 interrupt control register 
00003B 00007B 
00003C 00007C 
00003D 00007D 
00003E 00007E 
00003F 00007F INT. interrupt control register 


Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. | 
Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. | 


7 0 
Program bank register PG 


7 


Data bank register DT 





Fig. 3 Register structure 


In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“QO” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 
index register X 
Index register Y 
Stack pointer S 
Program counter PC 


Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FFO1,, or greater, the direct page 
area spans across bank 0;¢ and bank 14.. All direct addres- 
sing modes use the contents of the direct page register 
(DPR) to generate the data address. If the low-order 8 bits 
of the direct page register (DPR) is “00,6”, the number of 
cycles required to generate an address is minimized. Nor- 
mally the low-order 8 bits of the direct page register (DPR) 
is set to “00,,”. 
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PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) | 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 

When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when these is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “OQ” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “O”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and +32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“Q”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f;x,.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 


unit 





Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(1) and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 
Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area in mem- 
ory expansion mode or microprocessor mode, set the bus 
width selection input pin BYTE to “L”. (external data bus 
width to 16 bits) The internal memory area is always tre- 
ated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Ag and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. 

The bit 2 of processor mode register (address 5E,¢) is the 
wait bit. When this bit is set to “0”, the ALE signal and E 
signal are extended and the access time is doubled when 
accessing an external memory area in memory expansion 
mode or microprocessor mode. However, these signals are 
not extended when an internal memory area is accessed. 
When the wait bit is “1”, the access time is not extended 
for any access. Waveform (3) is an expansion of waveform 
(1). Waveform (4),(5), and (6) are expansion of the entire 
waveform (2), first half of waveform (2), and the last half of 
waveform (2) respectively. 

Instruction code read, data read, and data write are de- 
_ scribed below. 
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A: Address 
D : Data 


These waveforms are at the memory expansion mode and 
the microprocessor mode. 


Access 
method) Access 2-byte| Access even | Access odd 
simultaneously| address 1-byte | address 1-byte 











Fig.5 Relationship between access method and 
signals Ag and BHE 
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Instruction code read will be described first. 

The CPU obtains instruction codes from the _ instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, in memory expansion mode or microprocessor 
mode, if the bus width switching pin BYTE is “H”, external 
data bus width is 8 bits and the address to be read is in ex- 
ternal memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 
Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. 

Use the SEB and CLB instructions when setting each inter- 
rupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an _ interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT» to INTo are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 

Timer and UART interrupts are described in the respective 
section. 


Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1° Interrupt 


The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 


Table 1. Interrupt types and the interrupt vector 


addresses | 


UART1 transmit OOFFD8,, OOFFD9i¢ 
UART1 receive OOFFDA,, OOFFDBig 
UARTO transmit OOFFDC,, OOFFDDi¢ 














UARTO receive OOFFDE,, OOFFDF4. 
OOFFEQ;,  OOFFE1s6 


OOFFE2;5 OOFFE3i¢ 


Watchdog ter 
DBC (unusable) 


INTo external interrupt 





Zero divide OOFFFC,, OOFFFDi¢ 
Reset OOFFFE4, OOFFFFi, 


Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


2 Dov Ae 2 


ia conan 


Interrupt priority 
Interrupt request bit 
0 : No interrupt 


1 Interrupt 
Polarity selection bit 


0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 
1 ° Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. 
Level sense/edge sense selection bit 


0 : Edge sense 
1 : Level sense 


Interrupt control register configuration for INTo~INTo. 


Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Interrupt control registers 
A-D conversion interrupt control register 0000704. 


UARTO transmit interrupt control register 0000714. 
UARTO receive interrupt control register 000072;. 








UART1 transmit interrupt control register 00007346 





UART1 receive interrupt control register 00007416 





Timer AO interrupt control register 0000754. 


Timer A1 interrupt control register 0000764. 


00007716 


Timer A3 interrupt control register 00007846 
Timer A4 interrupt control register 00007916 
Timer BO interrupt control register 00007A4¢ 
Timer B1 interrupt control register 00007Bi¢ 
Timer B2 interrupt control register 00007C4. 
INT, interrupt control register 00007Di. 


INT, interrupt control register 00007E4., 
INT, interrupt control register 00007Fi¢ 


Timer A2 interrupt control register 
































Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
‘low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag lI. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “OQ” and the processor interrupt priority 


level (IPL) in the processor status register (PS) is replaced 


by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 








Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


on CS @ ® 
fos aay Sa eee gt 8 oe See 


| |Watchdo = 
7 
A-D converter, UART, Timer, INT interrupts 
Priority can be changed with software inside 4 


Fig. 7 Interrupt priority 


Level 0 


A-D conversion 


VW, 


Interrupt request UART1 transmit 
UART1 receive 
UARTO transmit 
UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 
Timer A3 


Watchdog 
timer 


Timer A2 


NTS Dip Dib 


Timer A1 


Interrupt disable flag | Timer AO 


/\ 


VV 
\V 
\V 
VV 
WV, 
\/ 
\/ 
WV, 
W/, 
VW, 
VV, 
\V, 
VV 
VW, 


Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different interrupt Table 3. Value set in processor interrupt level (IPL) 
priority resolution time from which one is selected by soft- during an interrupt 


ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently [Rest |, 0. | 
executing instruction has been completed. 
The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,.) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 


of cycles. After a reset, the processor mode register is in- Table 4. Relationship between priority level resolution 
itialized to “00,” and therefore, the longest time is time selection bit and number of cycles 


selected. Priority tevel resolution time selection bit 
‘ : Number of cycles 
However, the shortest time should be selected by software. | Bits —s | Bit 

a as a ae 7 cycles of ¢ 












4 cycles of ¢ 
a 2 cycles of ¢ 





¢ : internal clock 


Internal clock ¢ a ee. eel ee 1 
Operation code fetch vie [| Lf Li 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 





Fig. 9 Interrupt priority resolution time 


TG. 2A 8 22, 
L Lo] | TY [| J Processor mode register(sE) 


Processor mode bits 
0 0 : Single-chip mode 
0 1 : Memory expansion mode 
1 0 : Microprocessor mode 
1 1 : Evaluation chip mode 
Wait bit 
0 : Wait 
1 : No wait 
Software reset bit 
The processor is reset when this bit is set to “1” 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 . 
0 1 : Select 1 in Figure 9 
1 0 : Select 2 in Figure 9 

Test mode bit 





- Must be “0” 
Clock ¢, output selection bit 
0 : No ¢, output 
1 : $, output 





Fig. 10 Processor mode register configuration 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer 1/O pins are shared with I/O pins for port PS and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “O” 
to specify input mode. 

Using this timer, confirm the function as this timer is diffe- 
rent a little from M37700M2-XXXFP’s. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i= 0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 

* Timer 

* One-shot 

¢ Pulse width modulation 
© 


ip Oo 
f1g —O 


fe4 —-O 


Timer( gate function) 
f512-—_© © 


pa ee 
Polarity Event counter 
selection 


External trigger 


Down count 


Count start flag 


(4016) 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “OQ” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “0”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000;,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


pee ; Data bus® (odd). 


Reload register(16) 


1 


Counter(16) 


Addresses 
Up/Down TimerA0 4716 4646 


— decremented ieee 4915 4846 


except in event count mode]! _. 
Timer A2 4Bis 4Ai6 


SHG Timer A3 4Dis 4Cie 


Timer A4 4F ig 4E x6 


Up-down flag O 


(44,6) 


Pulse output 


“ 


Fig. 11 Block diagram of timer A 





Toggle flip-flop 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigyrt pin. The output is toggled each 
time the contents of the counter reaches to 0000;,. When 
the contents of the count start flag is “0”, “L” is output from 
TAiour pin. | 

When bit 2 is “0”, TAigyr can be used as a normal port pin. 
When bit 4 is “0”, TAi,y can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAi,y pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAijy input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi,, pin input 





signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAijy pin must be 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5846 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


: No pulse output (TAioyr is normal port pin) 


: Pulse output 


: No gate function (TAijy is normal port pin) 


1 0 : Count only while TAijy input is “L” 


1 1 : Count only while TAi,, input is “H” 


0 : Always “0” in timer mode 


Clock source selection bit 
0 0 : Select f, 
01 : Select fig 
1 0: Select fgg 


1 : Select fs;2 


Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag Address 


7 6 5 4 3 2 4 0 
4016 
a 


Timer AO count start flag 


Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 


Selected clock source fj 


es ee 


Timer mode register 
Bit 4 Bit 3 


Sage UUUUUL UU 


Timer mode register 


Bit 4 Bit 3 
UU 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 


Figure 15 shows the bit configuration of the timer Ai mode 


register during event counter mode. In event counter mode, 
the bit O of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. , 

The input signal from the TAi;, pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “0”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAiour pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “O” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigyr pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “OQ” if bit 4 is “1” because if bit 2 is “1”, TAigyr pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAiour pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAigyr pin be- 
fore valid edge is input to the TAi,y pin. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000,, (decrement count) or 
FFFF,, (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is “1” and the counter reaches 0000;. 
(decrement count) or FFFF1, (increment count), the wave- 
form reversing polarity is output from TAigyr pin. 

If bit 2 is “0”, TAinyy pin can be used as a normal port pin. 


However, if bit 4 is “1” and the TAigyr pin is used as an 


output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
the TAioyr pin is to be used to select the count direction. 





Addresses 
Timer AO mode register 56416 


Timer A1 mode register 5716 
Timer A2 mode register 5846 
Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


. Always “01” in event counter mode 


- No pulse output 
- Pulse output 


‘ Count at the falling edge of input signal 
- Count at the rising edge of input signal 





: Increment or decrement according 


to up/down flag 
: Increment or decrement according 





to TAiour pin input signal level 





: Always “OQ” in event counter mode 


: Not used in event counter mode 


Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 










Address 
4446 


7625 4-38 21 OD 
Up-down flag 


Timer AO up-down flag — 
Timer A1 up-down flag 


Timer A2 up-down flag, 





Timer A3 up-down flag 

















Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 


0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 

mode 





_________________- Timer A3 two-phase pulse signal 
processing selection bit 

Q : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 

mode 





Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


Fig. 16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. in either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjoyr (j=2 to 4) pin and TAjin pin. 

When timers A2 and AS are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAkiy pin after the level of TAkour (k= 2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4our pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4oy7 pin and TA4,, pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4,, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4jy pin and TA4oyr 
pin. When performing this two-phase pulse signal proces- 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “QO”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


Addresses 


Timer A2 mode register 5816 


Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


0 1 : Always “01” in event counter mode | 


0 100 : Always “0100” when processing 
two-phase pulse signal 


X X : Not used in event counter mode 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 


(k=2, 3) 


Increment- 


count count count count count 





Increment- Increment- Decrement- Decrement- Decrement- 


count 


Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 


TAdour ea A a 


I le ce 
Increment-count at each edge 


ee | 
increment-count at each edge 


Decrement-count at each edge 


Ne a, 
Decrement-count at each edge 





Fig. 18 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode (10) 

Figure 20 shows the bit configuration of the timer Ai mode 
‘register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “O” and bit 1 and bit 2 must 
be “1”. 

The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 
from the TAij, pin. Software trigger is selected when bit. 4 
is “O” and the input signal from the TAi\y pin is used as the 
trigger when it is “1”. | 
Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “O” and at the rise of the 
trigger signal when it is “1”. 

Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 

Figure 21 shows the bit configuration of the one-shot start 
flag. Bit 7 of the one-shot start flag must always be “0”. 

As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 


If the contents of the counter is not 0000;., the TAioyy pin | 


goes “H” when a trigger signal is received. The count 
direction is decrement. 

When the counter reaches 0001,.6, The TAigyy pin goes “L” 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 

1 
pulse frequency of the selected clock 








X (counter’s value at the time of trigger). 
If the count start flag.is “O”, TAinyr goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. 
Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. | 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
Undefined data is read when timer Ai is read. 








Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5746 
Timer A2 mode register 58416 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6s 


: Always “10” in one-shot pulse mode 


. Always “1” in one-shot pulse mode 








- Software trigger 
: Trigger at the falling edge of TAi,, 
input 


: Trigger at the rising edge of TAij,, 
input 





- Always “0” in one-shot pulse mode 








Clock source selection 
00 : Select f, 
01 ° Select fr,¢ 
10 : Select fgg 


1 1 *: Select fs12 


Fig. 20 Timer Ai mode register bit configuration during 


one-shot pulse mode 


Address 
7 ams: es fad: es eee em 6 


olXp TT Ty 


One-shot start flag 4246 


Timer AO one-shot start flag 
| Timer A1 one-shot start flag 
Timer A2 one-shot start flag 
Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Must be “0”. 


It is set to “O” after a reset operation. 


Fig. 21. One-shot start flag bit configuration 
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Selected clock 
source fj ~ 


TAiin 
(in case of the 


rising edge) 


TAiour | | | | 


Example when the contents of the reload register is 0003. 





Fig. 22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAiin k | i | 


(in case of the 
rising edge) 


TAF | | | 


Example when the contents of the reload register is 00044, 





Fig. 23. Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiy pin (external 
trigger). 
The software trigger mode is selected when bit 4 is “O”. 
Pulse width modulator is started and pulse is output from 
TAiour when the timer Ai start flag is set to “1”. 
The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAijy pin when the timer Ai_ start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 
When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. 
Then when the time Ai start flag is set to “1” and a software 
trigger or an external trigger is issued to start modulation, 
the waveform shown in Figure 25 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 

1 

selected clock frequency mM 

and the output pulse period is 

1 

selected clock frequency x(2—1). 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 





NGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000;, 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5746 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


- Always “11” in pulse width modulation 
mode 


- Always “1” in pulse width modulation 
mode 


- Software trigger 


: Trigger at the falling of TAiwy input 


- Trigger at the rising of TAijy input 


- 16 bit pulse width modulator 


: 8 bit pulse width modulator 


Clock source selection bit 
00 : Select f. 
01 : Select fig 
1 0 : Select fg, 


1 1 : Select fs12 


Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration “H” of pulse is 


1 1 
Se Ee 
selected clock frequency x(n +1). selected clock frequency (n+1) 


The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 

modulator using this pulse as input. The operation is the 1 a 
oo K (n +1) K (281). 

same as for 16-bit length pulse width modulator except that selected clock frequency 





1/f,X(2'S—1) 


| 
Selected clock : r-7 
1 ot 
source fj ; 
| | 
TAlin | NX 
(in case of the _ 4 | | ) 


| 
r74 
on oo 


| 

| 

This trigger is not accepted | 
rising edge) | | | 
| 


| 1/f|X (m) | 


Example when the contents of the reload register is 00034, 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/fX (n+1) X(28—1) 


Selected clock 
source fj 


Re 

| | 

! i 

| rl 

TAiin | | | 

(in case of the falling edge) | | 
as = 

| | 

| | 

| 


1/f,X (n+1) 


Prescaler output 


(when n =2) 


| 
| 


et $f 19X01) X (mm) 


| 


8-bit length pulse 
width modulator 
output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode: The mode is selected with bits 0 and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. | 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “OQ” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection 
* Timer 


* Pulse period measurement/pulse 


fig —O width measurement 


fea —-O 


fg ——o 


fs12 ———O 


Polarity selection Event counter 
and edge pulse O 
generator 


TBin € 


(i=0~2) 


Count start flag 


(40,6) 


As shown in Figure 13, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


(Higher 8 bits) 


: (Lower 8 bits) 


Addresses 
St16 5016 


Timer B1 5316 5216 
Timer B2 5516 5446 


Counter reset 
circuit 





Fig. 27. Timer B block diagram 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “0”. 
The input signal from the TBij, pin is counted when the 
count start flag is “1” and counting is stopped when it is “O”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “O” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode (10) 
Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. 
The pulse period measurement mode is selected when bit 
3 is “0”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBi,y pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “O”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBiyy pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 











Addresses 
Timer BO mode register 5By. 


Timer B1 mode register 5Cy, 


Timer B2 mode register 5D, 


0 0 : Always “00” in timer mode 


xX : Not used in timer mode and 
may be any 


xX : Not used in timer mode 


Clock source selection bit 
0 0 : Select f. 


01 : Select fi, 
10 : Select fea 
1] : Select fs12 


Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


Addresses 
Timer BO mode register 5B,, 


Timer B1 mode register 5C,, 


Timer B2 mode register 5Di, 


0 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal. 
: Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 


: Not used in event counter mode 


Fig. 29. Timer Bi mode register bit configuration during 
event counter mode 


Addresses 
Timer BO mode register 5B, 


Timer B1 mode register 5C4, 


Timer B2 mode register 5D, 


1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

- Count from the rising edge of 


input signal to the next rising one 
- Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 
Timer Bi overflow flag 


Clock source selection bit 
00 : Select fz 

01 : Select fie 

10 : Select fea 

11 : Select f512 


Fig. 30 Timer Bi mode register bit configuration during 
pulse period measurement/pulse — width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload régister after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBijy pin input signal to the next 
rise or from the rise of the input signal to the next fall as 


shown in Figure 32. 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBiy pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to.“1” when the timer Bi counter reaches 00004. 
This flag is cleared by writing to corresponding timer Bi 
mode register. 


uoncray TROND RMR RO OREOURORR DRM MR RD ALLL 
source fj 


Reload register «— counter es | ees | | 





| 
| | 
| | 
] | 


Counter+-0 | | | 


| 
| 
| 
| 
| 
| 


Count start flag | | 


| 
| 
| 


Interrupt request Sigma | 





Fig. 31 
next falling one) 


Selected clock 
source fj 


Reload register — Counter 


Counter+-0 


Fig. 32 Pulse width measurement mode operation 


Pulse period measurement mode operation (example of measuring the interval between the falling edge to 


| 
| 
| 
| 
Count start flag | | 
| 
| 
| 
| 


Interrupt request signal | ns | ns | a | 
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Timer B can detect phase difference by using timer B1 and 
timer BO. The phase detection mode is explained below. 
Figure 33 shows a block diagram of the phase detection 
mode. In the phase detection mode, timer B1 and timer BO 
are used. Set timer B1 to the timer mode and timer BO to 
the pulse period measurement/pulse width measurement 
mode. For selection of the phase detection mode, set bit 4 
of the timer BO mode register (5B,, address) to “1”. Bit 5 of 
timer BO mode register functions as phase detection flag 
by setting bit 4 to “1”. Figure 34 shows the bit configuration 
of the timer BO mode register and the timer B1 mode regis- 
ter in the phase detection mode. 

Figure 35 shows an example of operation in the phase de- 
tection mode. First, each time the counter of timer B1 is set 
to 0000;, in the timer mode of timer B1, a signal reversing 
polarity is generated as a reference signal. Next an exter- 
nal signal is input from the TBO, pin. By setting bit 4 of the 
timer BO mode register to “1”, timer BO measures the pulse 
width of the logical sum (AND) signal of the reference sig- 
nal generated from timer B1 and the external input signal 
from the TBO, pin. The bit 5 (phase detection flag) of the 
timer BO mode register indicates whether the phase of the 
signal from the TBO, pin is ahead or behind with respect to 
the reference signal. The phase detection flag gets the in- 
put level from the TBO, pin at the rising from “L” to “H” of 
the reference signal. “O” of phase detection flag indicates 
that the phase of the input signal from the TBO, pin is be- 
hind with respect to the reference signal. “1” indicates that 
the phase of the input signal from the TBO, pin is ahead 
with respect to the reference signal. 

To detect the phase difference between the reference sig- 
nal and the input signal of the TBO, pin, advance the 
phase of the input signal from the TBO,, pin with respect to 
the reference signal. In this state, the phase difference be- 
tween the reference signal and the input signal from the 


TBO pin can be detected by measuring the pulse width by 
timer BO. 


Address 
Timer BO mode register 5Bi¢ 






1 0 : Always “10” in phase 
detection mode 
1 0 : Always “10” in phase 
detection mode 
1 : Always “1” in phase 
detection mode 


Phase detection flag 


Clock source selection bit 
00 : Select fo 

01 : Select fig 

10 : Select fe4 

1 1 : Select fs12 


Address 
Timer B1 mode register 5C 16 


0 0 : Always “00” in phase 
detection mode 

Not used in phase 

detection mode 


Clock source selection bit 
00 : Select fz 

01 : Select fie 

1 0 : Select fea 

1 1 *: Select fs12 


Fig. 34 Timer BO and B1 mode register bit configura- 
tion during phase detection mode 


Phase detection flag (bit 4 of 5B,, address) 


TBO input © 


Toggle 


Timer B1 (16) flip-flop 


Fig. 33 Block diagram of phase detection mode 





Phase detection 
mode bit 


[oe | 


Timer BO measuring pulse 
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Toggle flip-flop 
output by timer B1 
(Reference signal) 


TBOw input 


es ss 


Measuring the pulse | | | | 
width by timer BO 


oo tad 
Ne re eee re tists eT TT SSS eS aE SP SPSS USSU SS SU SOS SS 


Phase detection flag 


Fig. 35 Example operation of the phase detection mode 


Timer function for motor control 
Three-phase motor drive waveform and pulse motor drive 
waveform can be output using more than one incorporated 
timer A and timer B. The waveform output modes are ex- 
plained below. 


Three-phase motor drive waveform output 
mode (three-phase waveform mode) 

The three-phase waveform mode in which four timers AO, 
A1, A2, and B3 are used is selected when bit 2 of the 
_ waveform output mode register shown in Figure 36 is set to 
“4” and, bits 1 and 0 are set to “0”. In this mode, bits 3, 4, 
and 5 of the waveform output mode register are insignifi- 
cant because they are ignored. As shown in Figure 37, tim- 
ers AO, A1 and A2 must be set by the respective timer 
mode registers to the rising edge of external trigger signal 
in one-shot pulse mode is valid, and timer B2 must be set 
to the timer mode by the timer B2 mode register. 

Figure 38 shows a block diagram in the three-phase wave- 
form mode. In the three-phase waveform mode, six wave- 
forms, positive waveforms (U phase, V phase, and W 
phase) and negative phase waveforms (U phase, V phase, 
and W phase) are output from ports P55, P54, P53, P52, P5; 
and P55 with “L” level active. Among the timers used in this 
mode, timer A2 controls the waveforms of U and U phases, 
timer A1 controls the waveforms of V and V phases, and 
timer AO controls the waveforms W and W phases, and tim- 


‘In case the input signal from the TBO, is ahead with respect to the reference signal. 





er B2 controls the period of the one-shot pulse output of 
timers A2, A1 and AO. 

In the waveform output, a short circuit prevention time can 
be set to prevent “L” level of three-phase waveform out- 
puts (U phase, V phase, and W phase) from overlapping 


‘with “L” level of their negative-phase waveform outputs (U 


phase, V phase, and W phase). The short circuit prevention 
time is set by three eight-bit dead-time timers that share 
the reload register. The dead-time timers operate as one- 
shot timers. The dead-time timers can use both the rising 
and falling edge or only the falling edge of one-shot pulse 
generated by timer A2, A1 or AO as the start trigger. The 
start trigger is selected by the bit 6 of the waveform output 
mode register (62;, address). The start trigger is both the 
rising and falling edge when bit 6 is “O” and only the falling 
edge when bit 6 is “1”. 

When a value is written to the dead-time timer (63;¢ 
address), it is written to the reload register shared by the 
three dead-time timers. The dead-time timer puts the value 
of the reload register in the counter when the start trigger 
arrives from the corresponding timers, and decrements the 
count in fo (signal with the external clock input frequency 
divided by 2). This timer can accept the trigger again be- 
fore completion of operation by the preceding trigger. In 
this case, after the contents of the reload register is trans- 
ferred to the dead-time timer by the trigger, the value is 
decrement. 
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The dead-time timer operates as a one-shot pulse timer. 
When a trigger arrives, the dead-time timer starts pulse 
output, and when the value of the timer reaches 004g, it ter- 
minates pulse output, stops operation, and waits for the 
next trigger. 

The output polarity of three-phase waveform depends on 
the output polarity setting toggle flip-flops. When the con- 
tents of the output polarity toggle flip-flops is “O”, the posi- 


tive phase waveform is output at “H” level, and when “1”, it 


is output at “L” level (three-phase waveform is output using 
negative logic). 

The output polarity setting toggle flip-flops each have out- 
put polarity setting buffers shown in Figure 39. When the 
contents of timer B2 counter reaches 0000,., the contents 
of output polarity setting buffers is set in the output polarity 
setting toggle flip-flops. After this, the output polarity setting 
toggle flip-flops have polarity reversed for each termination 
of one-shot pulse of timer (timer A2, A1 or AQ) correspond- 
ing to each phase. 


7 6 5 4 3 2 Address 


TTI Waveform output mode register 6246 


Waveform output selection bit 

0 0 0 : Parallel port 

001 : RTP1 selected 

0 10 : RTPO selected 

0 11 : RTP1 and RTPO selected 

1 0 0 : Three-phase waveform mode 


Polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


Pulse width modulation by timer A1 
selection bit 

0 : Not modulated 

1 : Modulated 


Pulse width modulation by timer A3 

selection bit 

0 : Not modulated 

1 : Modulated 

Dead-time timer trigger selection bit 

0 : Both edge of one-shot pulse 

1 : Only the falling edge of one-shot 
pulse 

Waveform output control bit 

0 : Waveform output inhibited 

1 : Waveform output enabled 





Fig. 36 Waveform output mode register bit configura- 
tion 
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An example of U phase waveform is shown in Figure 40 to 
explain waveform output operation. Writing “O” to the U 
phase waveform start level setting bit (bit 1 of 644, 
address) and actuating timer B2 makes the three-phase 
waveform mode effective. When the contents of timer B2 
counter reaches 0000j., timer A2 starts one-shot pulse out- 
put. At this time, the contents (“0” in this case) of U phase 
output polarity setting buffer is set in the output polarity set- 
ting toggle flip-flop 2. At termination of one-shot pulse out- 
put of timer A2, the contents of the output polarity setting 
toggle flip-flop 2 changes from “0” to “1” and a one-shot 
pulse of the eight-bit dead-time timer is output to set a 
time so that the “L” level of U phase waveform and U 
phase waveform with the negative phase of U phase wave- 
form does not overlap. 


Address 

Timer AO mode register 564. 
ine A1 mode register 571. 
Timer A2 mode register 58,46 


Always “10” in three-phase 
waveform mode 


Always “0111” in three-phase 
waveform mode 





Clock source selection bit 
00 : Select f, 

01 : Select fig 

10 : Select fe, 

11 ° Select fs12 


Address 
Timer B2 mode register 5Di6 


Always “00” in three-phase 
waveform mode 


Not used in three-phase 
waveform mode 


‘Clock source selection bit 
00 : Select fo 

01 : Select fig 

10 : Select fe4 

1 1 : Select fs12 


Fig. 37 Timer AO, A1, A2 mode register and timer B2 


mode register bit configuration 
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(Timer mode) 


(One-shot pulse 
output mode) 






T Timer A1 


(One-shot pulse 
output mode ) 


T Timer AO 


(One-shot pulse 
output mode) 


Waveform output mode register 
bit 7 


INTo O77 
Reload register Reset ers: 
































t polarity 
setting toggle 
flip-flops 2 


Bit 1 of 644, 
address 


| ae 
I 


SQ 
: rd ae 
Q 
R 
Output polarity 


setting toggle 
flip-flops 1 





at ae Dead-time timer 8 Z 
| 


ai T Dead-time timer (8) 
= eo 
az 

ene 
Bit 3 of a ae Output polarity 


address setting toggle 
flip-flops 0 


( ) U (P55) 


C) Vv (P54) 
5 W (Ps) 
C) U (P52) 
() Vv (P5,) 


C) W (P59) 
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The U-phase waveform output that began at “H” level re- 
mains at “H” level until termination of the one-shot pulse 
output of the dead-time timer, even when the contents of 
the output polarity setting toggle flip-flop 2 changes from 
“0” to “1” due to one-shot pulse output of timer A2. At ter- 
mination of the one-shot pulse output of the dead-time tim- 
er, “1” of the output polarity setting toggle flip-flop 2 
already reversed becomes effective and the U-phase 
waveform changes to “L” level. Next write “1” again to the 
U-phase output polarity setting buffer (bit 1 of 644, 
address) before the counter of timer B2 reaches 0000. 
When the counter of timer B2 reaches 0000;., the one-shot 
pulse output of timer B2 begins to operate. At the same 
time, “1” written to the U-phase output polarity setting buf- 
fer is set in the output polarity setting toggle flip-flop 2 and 
the U-phase waveform output remains at “L” level. At ter- 
mination of the one-shot pulse output of timer A2, the con- 
tents of the output polarity setting toggle flip-flop 2 changes 
from “1” to “0” and the one-shot pulse output of the dead- 
time timer begins to operate. The U-phase waveform out- 
put, when the contents of the output polarity setting toggle 
flip-flop changes from “1” to “0”, changes form “L” to “H” 
without waiting for termination of the one-shot pulse output 
of the dead-time timer. 

U-phase waveform is generated by repeating the above 
operation. U-phase waveform with the negative phase of U- 
phase waveform is generated in the same way as U-phase 
waveform, except that the signal contents of the output 
polarity setting toggle flip-flop 2 is the very reverse of that 
in U-phase waveform. In this way, U-phase waveform and 
U-phase waveform with the negative phase are generated 
from the pins so that the “L” level does not overlap. 


when timer B2 





Address 


Pulse output 
4 64i¢ 


data register 1 
V-phase output polarity 
setting buffers 
0 : “H” output 
1 : “L” output 


U-phase output polarity 
setting buffers 

0 : “H” output 

1 > “L” output 

Not used in three-phase 
waveform mode 





Pulse output eeaiess 
data register 0 6516 


Not used in three-phase 
waveform mode 
W-phase output polarity 
setting buffers 

0 : “H” output 

1° “L” output 


Fig. 39 Pulse output data register 0, 1 in three-phase 
waveform mode 

The width of “L” level can be changed by changing the 
value of timer B2 and the value of timer A2. This technique 
for generating waveforms with “L” level not overlapping is 
also applicable to V phase, W phase, and their negative 
phases, V phase and Ww phase, by using corresponding 
timers. 

The above explanation is for an example of generating 
three-phase waveform by the triangular wave modulation 
(called double edge modulation) , but three-phase wave- 
form by the saw-tooth-wave modulation (called signal edge 
modulation) can also be generated by fixing the start level 
of each phase. 


Output signal at each mf fe  fP iP 
reaches 00001. 


| | 


One-shot pulse output 
by timer A2 


The contents of the 


| | | 


output polarity setting toggle 
flip-flop 2 


Reversed pulse output signal | 


| | | 


by dead-time timer Re eee _ re J i a — _ 


U-phase 
waveform output 


U-phase 
waveform output 





Fig. 40 Example of U-phase waveform output (three-phase waveform by triangular wave modulation) 
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Three-phase waveforms (U phase, V phase, and W phase) 
generated in this way and their negative-phase waveforms 
(U phase, V phase, and W phase) are output from each 
port by setting the waveform output control bit (bit 7) of the 
waveform output mode register to “1”. Setting this bit to “0” 
places a port into floating states. This bit can be set to “0” 
by instructions, by inputting a falling edge to the INTo input 
pin of external interrupt, or reset. 





Pulse output port mode 
Figure 41 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 


pulse output ports are used. Whether using pulse output. 


port or not can be selected by waveform output selection 
bit (bit 0, bit 1, bit 2) of waveform output mode register 
(621. address) shown in Figure 36. When bit 2 of waveform 
output selection bit is set to “O” and bit 0 is set to “1”, ports 
P6o, P5g, P5s and P5, are used as pulse output ports (RTP1 
selected), and when bit 2 of waveform output selection bit 
‘is set to “0” and bit 1 is set to “1”, ports P53, P52, P5,, and 
P5, are used as pulse output ports (RTPO selected). When 


Pulse width modulation selection bit 
(Bit 4, 5 of 62,, address 


4 5 
de 
Pulse width modulation output i= 
by ti |>o 


y timer A3 


Pulse width modulation output 
by timer A1 > 0 


Timer A2 


Pulse output data 
register 1 (64,, address) 


Pulse output data 
register 0 (65,, address) 


Timer AO 


Fig. 41 Block diagram for pulse output port mode 





2324 


bit 2 of waveform output selection bits is set to “O” and bits 
1 and 0O are set to “1”, ports P6o, P5g, P5s, and P54, and 


_ ports P53, P5o, P5, and P59 are used as pulse output ports 


(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/output. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 42 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. . 

Data can be set in each bit of the pulse output data regis- 
ter corresponding to four ports selected as pulse output 
ports. Figure 43 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64,, address) correspond- 
ing to ports P6>, P5s, P5s and P5, is output to the ports 
each time the counter of timer A2 becomes 0000;,. The 
contents of the pulse output data register 0 (low-order four 
bits of 65,, address) corresponding to ports P53, P52, P5,, 
and P5, is output to the ports each time the counter of tim- 
er AO becomes 0000;.. 


Waveform output control bit 
(Bit 7 of 62,6 address) 


Reset - 












( ) P6> (RTP15) 
( ) PSs (RTPI) 
C) P55 (RTP1,) 


C) P54 (RTP19) 


DU UY 
Yh -Y 


( ) P53 (RTPOs) 


(>) P52 (RTPO,) 
C) P5, (RTPO,) 


V VV VY 
VASA 


( ) P5o (RTPOo) 


. Polarity selection bit 
(Bit 3 of 62,5 address) 
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When “0” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000,., and when “1” is written, “H” level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 0000;¢. 

Ports P69, P5g, P5; and P5, are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports P53, P5., P5; and P59 are applied pulse width mod- 
ulation by timer A1 by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

The contents of the pulse output data register 0 can be re- 
versed and output to pulse output ports P53, P52, P5, and 
P5o by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is “0”, 
the contents of the pulse output data register 0 is output 
unchangeably, and when “1”, the contents of the pulse out- 
put data register 0 is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 

Figure 44 shows example of waveforms in pulse output port 
mode. 

Ports selecting the pulse output port mode can control out- 
put as in the three-phase wavefrom mode by the waveform 
output control bit (bit 7) of the waveform output mode reg- 
ister (62,6 address). 

When the waveform output control bit is set to “1”, a wave- 
form is output from the port. When this bit is set to “QO”, 
waveform output from the port is stopped and the port is 
placed in floating state. 

This bit can be set to “O” by instructions, by inputting a fall- 
ing edge to the INTg pin, or reset. 








Address 


do A. oe he ae mode register a 


BEDCOROEO 


Timer A2 mode register 5816 


Always “100” in pulse output 
port mode 


Not used in pulse output port mode 
Always “00” in pulse output port mode 


Clock source selection bit 


00 : Select fo 

01 : Select fig 
10 : Select fe4 
11 =: Select fs12 


Fig. 42 Timer AO, A2 mode register bit configuration in 
. pulse output port mode 


Address 


Pulse output data register 1 6416 
Pulse output data bit of port P5, 
Pulse output data bit of port P55 
Pulse output data bit of port P5¢ 


Pulse output data bit of port P6 


Address 


Pulse output data register 0 6516 


Pulse output data bit of port P59 
Pulse output data bit of port P5, 
Pulse output data bit of port P5, 


Pulse output data bit of port P53 


Fig. 43 Pulse output data register bit configuration 
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. Example of pulse output port (port P6, P5¢, P5s, P54) 
Output signal at each time 


when timer A2 becomes 0000j¢. n fl | fl fl fl fl fl fl 


Port P6, | | | . 
Port P5¢, | | | 

Port P55 . | | 

Port P54 . | | | 


Example of pulse output port (port P6, P5g, P5;, P5,) when pulse width modulation is applied by timer A3. 


Output signal at each time 


when timer A2 becomes 00004, f] fl fl f] | | fl fl 


Port P65 ULL LL 

Port P5g LLL UL 

Port P55 | JUUUUUUUU 

Port P5, | | | | | | | | | 


Example of pulse output port (port P53~P59) when pulse width modulation is applied 
by timer Ai with polarity selection bit=“1”. 


Output signal at each time 


when timer AO becomes 0000;. Nl fl fl fl fl fl fl fl 


Port P5, LUT 

Port P5. LU UU 

Port PS, . | UU UU UUW 

Port P5g . VUUUUUUUL 


Fig. 44 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 


Two independent serial !/O ports are provided. Figure 45 


shows a block diagram of the serial I/O ports. 

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive 
mode register shown in Figure 46 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial |/O port, or asynchronous (UART) serial I/O port us- 


ing start and stop bits. 

Figures 47 and 48 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 49 shows the bit configuration of the UARTIi transmit/ 
receive control register. 

Each communication method is described below. 


Data bus( odd) 


Data bus(even) 


1010/10/10] 0]0| 0 [Ds|D7|D¢|D<|D4]Ds/D2|D,]Do] Receive buffer register 


UARTO(3716, 3646) 
UART1(3Fi6, 3Ey6) 


Receive register 


UART receive 


1/16 Dividerf-———_© 


Bit rate 
generator 
UARTO(31,.) 
UART1(39,¢) 
Internal 


1/(n+1) 
Divider 


Clock synchronous 
(Internal clock) 
4 


Clock source selection 
f2 —o 
fis —O 


1/16 Divider 


fea -o 


f512 —o 


External 


Fig. 45 Serial !/O port block diagram 


O 
Clock synchronous -© 


Clock synchronous 
Clock synchronous 


(internal clock ) 
1/2 Divider O 





Receive 
control 
Circuit 


Receive clock 


UART transmission 


Tranemission}| | fansmission clock 
OTcontrol circuit 
~ i register 


O 
Clock synchronous 
(External clock) 


Transmission 


buffer register 
arene 3246) 
UART1(3By.6, 3Aj6) 
ei bus 
(odd) 


Data bus(even) 


Addresses 


UART 0 Transmit/Receive mode register 
UART 1 Transmit/Receive mode register 


Serial communication method selection bit 
0 : Parallel port 

0 Clock synchronous 

] > 7-bit UART 

| 8-bit UART 

1 1.0 : 9-bit UART 


~——— {nternal clock/External clock selection bit 
0 : Internal clock 


i 1 : External clock 
Levaraeenememenen 7, bit length selection bit 


0 : 1 stop bit 

] : 2 stop bits 
~Even/Odd parity selection bit 

0 : Odd parity 














| : Even parity 
Parity enable selection bit 
0 : No parity 








| : With parity 
Sleep selection bit 
0 : Nosleep 


1 : Sleep 





6 
3816 





Fig. 46 UART i Transmit/Receive mode register bit configuration 
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Po To Toto foto Too] oa A a 


2 stop bit Parity i eiicWel 
Receive 


register 
7 bit ° | 


8 bit 7 bit 
Synchronous 








Synchronous 





Fig. 47 Receiver block diagram 


pe JL | | Oe | & | os | om | Oo | > | reper 


2 stop bit i 
ot ; O 
[Stop Stop Ov, ae 
bit bit 


ONo 0 


parity 

Transmission register 

1 stop bit Synchronous 
66 0 9 





Fig. 48 Transmitter block diagram 


Addresses 


bed DEEL re 0 Transmit/Receive control registerO 3446 
EPTY 


UART 1 Transmit/Receive control registerO — 3Cyg. 


Clock source selection bit 
00 : Select f, 


O01: Select fig 
10 : Select fe, 
11 : Select fs1> 


CTS, RTS Selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


Addresses 
He 0 Transmit/Receive control register 1 3516 | 


UART 1 Transmit/Receive control register 1 3Di6 
Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
Receive completion flag 


- Overrun error flag 
Framing error flag 


Parity error flag 
Error sum flag 





Fig. 49 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 


A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 50 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit 0 of the UARTj transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UART] transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTkK transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CS) and bit 1 
(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 45, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output.as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ | (n +1) X2} 


On the clock receiving side, the CS p and CS, bits of the 
UARTK transmit/receive control register 0 are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UART] transmit/receive 
control register 0 is clear to “0” to select CTSj input. The 
bit 2 of the clock receiving side is set to “1” to select RTSk 
output. CTS, and RTS signals are described later. 


Transmission 

Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 (TIj flag) of 
one is “0”, and CTSj input is “L”. As shown in Figure 51, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTS} input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 








mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 51 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenoj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. 


Receive 

Receive starts when the bit 2 (REx flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTS output is “L”. 

The data from the RxDx pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rix 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rl flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes “L” to indicate that the next 
data can be received. When the Rlk flag changes from “0” 
to “1”, the interrupt request bit in the UARTk receive inter- 
rupt control register is set to “1”. Bit 4 (OERk flag) of 
UART k transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rik flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER k flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 
The OERk flag is also cleared when the REx flag is 
cleared. Bit 5 (FER, flag), bit 6 (PER, flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 50, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UART to 
UART}j. 
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UART) transmission register 


UART| transmission 
buffer register 


UART; receive buffer register 


UART]j receive register 


UART| Transmit/Receive mode register 


ope ep oloe) 


UART; Transmit/Receive control 
register 0 


PDD) Jeen] 0 [es,fesy 


UART; Transmit/Receive control 
register 1 


purer [res}oee] w [ne | n | re] 





“ 


UART , transmission register 


UART, transmission buffer register 


UART receive buffer register 


UART , receive register 


UART, Transmit/Receive mode register 


9 }x<[x]xfifofoti | 


UART, Transmit/Receive control 
register 0 


REKXED ETE 


UART  Transmit/Receive control 
register 1 


uml ren] ren} ocn] wi [ae | w | ve 





Fig. 50 Clock synchronous serial communication 













Transmission —>|—f<-1 /fyX(n+1) X2 


clock 


TE 










ij 


fq) ® 


_ Write in transmission buffer register Transmission register+-Transmission buffer register 
CTSj 


—>}—_}<— 1/f)X (n-+1) X2 Stopped because TEj= “0” 


CLKj 


v0 ©XBXENENONEENE_XOHONKENENE XEON EL_XEKENEXENEXONENE: 
TXEPTY; ee eee eee 


Fig. 51 Clock synchronous serial I/O timing 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTI 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTI transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKj pin can be used as a 
normal I/O pin. 


—s| (I/F, or 1/fexr) X (n +1) X16 


Transmission clock 
TE; 
Tlj p 
Write in transmission buffer regisger 
CTS; 
Tenpi 


Start bit 


TxEPTY; 


Parity bit Stop bit 


TxD, ~\sTADo XD] KD-KDAXDsKDSXDSKOIKP Vep\STKDIKDKDZKDSKOROKDKDIKPY sp 
gece ag ee oe ee SSC et 





The selected internal or external clock is divided by (n+1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(fj or fexr)/{ (n+1) X16 | 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register -Transmission 


buffer register 


Stopped because TEj= “0 


ST (Do KD) 


Fig. 52 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


—~t— fe (1/f, o 1/feyr) X (n +1) X16 


Transmission clock 


TEj 


Thy 


Write in transmission buffer register 


Tenpi 


Start bit 


Stop Bit Stop Bit 


THD sTADSXOXOZXDXOKOKDXOXD:Y sp SP\STADoD:XPzXOSKDAXDSXDEKO:KDS'SP SP 


Transmission register-—Transmission 


buffer register 


Stopped because 


“9” 


tE\= 
ST (Do XD; ) D> 


TXEPTY;j | | | | | 


Fig. 53 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger 0 bit 2 is used 
to determine whether to use CTSj input or RTS; output. 
CTS; input is used if bit 2 is “O” and RTS; output is used if 
bit 2 is “1”. | 

lf CTS; input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 





Transmission 
Transmission is started when the bit 0 (TEi flag) of UARTj 


transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “0”, and CTS; input is “L” if CTS; input is selected. As 
shown in Figure 52 and 53, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj transmit/receive mode register. The data is output 
from the least significant bit. | 

The Tlj flag indicates whether the transmission buffer is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 





fj or fext 


RE; 


RxDj 


Receive 
Clock ® © 
Starting at the falling 
edge of start bit 

Rij 


RTSj 


When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. . 

Once transmission has started, the TEj flag, Tlj flag, and 
CTSj signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 52 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpi signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpi 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “O” to “1”, the interrupt re- 
quest bit in the UARTj transmissoin interrupt control regis- 
ter is set to “1”. 





Receive | 
Receive is enabled when the bit 2 (REj flag) of UART;j 
transmit/receive control register 1 is set. As shown in Fi- 
gure 54, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 





Fig. 54 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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If RTS} output is selected by setting the bit 2 of UART; 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “0”. When the REj flag changes to 
“1” the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTS} output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 33. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTS} output is selected, RTS; 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj] receive interrupt 
control register is set when the Rlj flag changes from “0” to 
ae 

The bit 4 (OER; flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER; flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. 

Bit 5 (FER; flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PER; flag) is set when a parity error occurs. 

Bit 7 (SUM; flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the Rij flag, OER; flag, FER; flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OERj, FER], PERj, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the RE&j flag is cleared. 





Sleep mode | 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rlj, OER|, FERj, PERj, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UART}] receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 
Figure 55 shows a block diagram of the A-D converter and 
Figure 56 shows the bit configuration of the A-D control 
register. The frequency of. the A-D converter operating 
clock ¢ap is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is “0”, dap is the clock frequency divided by 
8. That is, $ap=f(Xin)/8. When bit 7 is “1”, dap is the clock 
frequency divided by 4 and ¢ap is=f(Xin)/4. The ?ap dur- 
ing A-D conversion must be 250KHz minimum because the 
comparator consists of a capacity coupling amplifier. 

The operating mode is selected by the bits 3 and 4 of A-D 
control register. The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 

The bit of data direction register bit corresponding to the 
A-D converter pin must be “0” (input mode) because the 
analog input port is shared with port P7. 

The operation of each mode is described below. 


7-6-5: 4.3. 2 


1 


0 





Address 
1E46 


A-D control register 1 


Analog input selection bit 
000 : Select ANo 
: Select AN, 
] : Select AN> 
] : Select AN3 
00 : Select AN, 
01 : Select ANs 
10 : Select ANg 
] : Select AN7 
A-D operation mode selection bit 
0 0 : One-shot mode 
0 1 : Repeat mode 
10 : Single sweep mode 
1] 1 : Repeat sweep mode 
Trigger selection bit 
0 : Software trigger 
1 : ADrre input trigger 
A-D conversion start flag 
0 : Stop A-D conversion 
1: Start A-D conversion 
Frequency selection flag 
0 : Select f(Xin)/8 


1 : Select f(Xin)/ 4 


Fig. 56 A-D control register bit configuration 


A-D conversion speed selection 


0 Pad 


1/2. 


Successive approximation register | 
Addresses A-D control register 


tee 
U 


Data bus (even) 


ANo C) 
AN, O———— 
AN2 O 
ANs © 
ANs ©) 
ANs © 
ANe6 C) 
AN7() 


ADrtre Selector 


Fig. 55 A-D converter block diagram 
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(1) One-shot mode (00) 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
sa a 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢ap cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADrre in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANy to ANg because the 
ADrrc pin is shared with the analog voltage input pin AN;. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 

(2) Repeat mode (01) 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode (10) 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and O of the A-D sweep pin selection register (1Fig 
address) shown in Figure 57. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. | 
When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 
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terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADypgq in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrrg pin is shared with AN; pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode (11) 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the AN, pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 





A-D sweep pin Address 
selection register 1Fi¢ 


> ANo, AN; (2 pins) 

> ANo~ANs (4 pins) 

> ANo~ANs (6 pins) 
1 : ANo~AN; (8 pins) 





Fig.57 A-D sweep pin selection register configuration 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 58 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fs2) or by 512 (f512). Whether to count fs. or fs12 is de- 


termined by the watchdog timer frequency selection flag 


shown in Figure 59. f5;2 is selected when the flag is “O” and 


fg2 is selected when it is “1”. The flag is cleared after reset. 


FFF,, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFFi, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fg. or fs542, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 





Watchdog timer 
frequency selection (connection forced to fg2 during 
STP instruction execution) 


2Vcc 
detection 
circuit 


Address 
Watchdog timer 61 
frequency selection 


0 : Select fs40 


1 ° Select fs. 


Fig. 59 Watchdog timer frequency selection flag 
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RESET CIRCUIT 





Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by 
setting the address pins Az3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF,.¢, and A7~ Ag to the contents of 


address FFFE;g. 


Figure 60 shows the status of the internal registers when a 


reset occurs. 


Figure 61 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 


tage reaches 4.5V. 









(1) Port PO data direction register 


(2) Port P1 data direction register 
(3) Port P2 data direction register 
(4) Port P3 data direction register 
(5) Port P4 data direction register 
(6) Port P5 data direction register 
(7) Port P6 data direction register 
(8) Port P7 data direction register 
(9) Port P8 data direction register 
(10) A-D control register 

(11) A-D sweep pin selection register 
(12) UART 0 Transmit/Receive mode register 

(13) UART 1 Transmit/Receive mode register 
(14) UART 0 Transmit/Receive control register 0 
(15) UART 1 Transmit/Receive control register 0 
(16) UART 0 Transmit/Receive control register 1 
(17) UART 1 Transmit/Receive control register 1 
(18) Count start flag 

(19) One-shot start flag 

(20) Up-down flag 

(21) Timer AO mode register 

(22) Timer A1 mode register 


(23) Timer A2 mode register 









(4) Timer A3 mode register 
(25) Timer A4 mode register 
(26) Timer BO mode register 
27) Timer B1 mode register 


(28) Timer B2 mode register 


hb 
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Fig. 60 Microcomputer internal status during reset 
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Fig. 61 


(31) 
(2) 
(33) 
(34) 
(35) 
(36) 
(37) 


(38) 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 


M37704M2AXXXFP 





Example of a reset circuit (perform careful 


evaluation at the system design level before using) 





Processor mode register 
Watchdog timer 


Watchdog timer frequency selection flag 


Waveform output mode register 


A-D conversion interrupt control register 
UART 0 transmission interrupt control register 
UART 0 receive interrupt control register 
UART 1 transmission interrupt control register 
UART 1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
Timer B1 interrupt control register 


Timer B2 interrupt control register 


INT O interrupt control register 
INT 1 interrupt control register 


INT 2 interrupt control register 


Processor status register PS 
Program bank register PG 
Program counter PCy 
Program counter PC, 

Direct page register DPR 


Data bank register DT 


Git 
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INPUT/OUTPUT PINS 

Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 62 shows a block diagram of ports P8 to PO in sing- 
le-chip mode and the E pin output. 

In memory expansion mode, microprocessor mode, and 
evaluation chip mode, ports P4 to PO are also used as 
address, data, and control signal pins. 

Refer to the section on processor modes for more details. 
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* Port POo~PO07, Plo~P17, P29~P27, P397~P33, P42~P4, (Inside dotted-line not included) 


Port P49, P4;, P47, P57, P6,~P67, P82, P8, (Inside dotted-line included, but P82, P8& are without hysterisis) 







Data direction 
register 


Data bus 


Port latch 





* Port P7>~P7, (Inside dotted-line not included) 


* Port P77 (Inside dotted-line included) 


Data direction 
register 





* Port P83, P8, (Inside dotted-line not included) L—-——_— — — 


Port P5p~P56, P69 (Inside dotted-line included) 


Data direction 
register 













q 


Output—o 


Seaman 
CT 
4 


¢ Port P89, P81, P84, P85 L-— — —— - a 


Data bus 





Data direction 
register 


Data bus 








Fig.62 Block diagram for ports P8 to PO in single-chip mode and the E pin output 
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PROCESSOR MODE : | 
The bits 0 and 1 of processor mode register as shown in Fi- 
gure 63 are used to select any mode of single-chip mode, 
memory expansion mode, microprocessor mode, and eva- 
luation chip mode. 

Ports P3 to PO and a part of port P4 are used as address, 
data, and control signal I/O pins except in single-chip 
mode. 

Figure 64 shows the functions of ports P4 to PO in each 
mode. 

The external memory area changes when the mode 
changes. 

Figure 65 shows the memory map for each mode. 

Refer to Figure 1 for the memory map of the single-chip 
mode. The external memory area can be accessed except 
in single-chip mode. The accessing of the external memory 
is affected by the BYTE pin and the bit 2 (wait bit) of pro- 
cessor mode register . These will be described next. 


a a ee ee ae ee ee 


Processor mode bit 


eBYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and port P2 becomes the data !/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and ports P1 and P2 become the data I/O pins. 
When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 

An exclusive mode in the evaluation chip mode allows the 
BYTE pin level to be set to 2°Vcc. In this case, the opera- 
tion is slightly different from the above. This is described in 
the evaluation chip mode section. 


Address 


Processor mode register SE 16 


0 0 : Single-chip mode 


Wait bit 
0 : Wait 
] : No Wait 





Software reset bit 


0 1 : Memory expansion mode 
1 0 : Microprocessor mode 


1 1 : Evaluation chip mode 


Reset occurs when this bit is set to 1 


Interrupt priority resolusion time selection bit 
0 0 : Select 1/f(Xw) X14 


01 : Select 1/f( Xin) X 8 


1 O-) Select t/t Xi) 4 


Test mode bit 


This bit must be “O” 


— Clock ¢, output selection bit 


0 : No ¢, output 
1 2 ¢, output 


Fig. 63 Processor mode register bit configulation 
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Microprocessor 
Mode 


Same as left 
Same as left 


Same as left 


Evaluation Chip Mode 















Same as left 


I/O Port 






Same as left 


= ae ee a 
Ais~Ag 
0 Vase Vonleai 
N Address X Datal odd} 
Pty 


Port P4, P5 and their direction 
registers are treated as 16-bit wide 
bus. lf BYTE=2*Vco, the internal 
ROM area is also treated as 16-bit 
wide bus. 



















BYTE= 


P1, - 
N 1/O Port 
Pio 






or 2°*Voc 





(Evaluation 
chip mode 
only.) 























a or ae 
P27 

( 1/0 Port 

P2o 


7s 
var sy a Data 

Po, (even) 
aperee On ap 
P2, A23™Aj6 

ce com) Ce a 


(even, odd) 


BYTE= al ie Same as left 


roe een 
Aog~A 

P2, 23 16 

: 

P2, 


Same as left 
Same as left 

(even, odd) 

Same as for Port P1 


Same as left Same as left 


Same as left in 
spite of proce- 
ssor mode re- 
gister bit 7 

























Port P2 





BYTE= “H” 














or 2° Veco 

(Evaluation 
chip mode 
only. ) 




















E | | 
P33 

i 1/O Port 
P35 








Port P3 






E | | 
P4, 

( 1/O Port 
P4, 









Port P4 






* When processor mode 
register bit 7 = “OQ” 







* When processor mode 
register bit 7 = “OQ” 




















P4, | %, | | | | | 


Same as above except P4, 














Same as above except P4. 


* When processor mode register * When processor mode register 
bit 7 = “1” bit 7 = “1” 


Fig. 64 Processor mode and ports P4 to PO functions 
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eWait bit 

As shown in Figure 66, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the access time becomes twice the access 
time than the wait bit is “1” (no wait). The wait bit is 
cleared during reset. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Memory expansion 
mode 


Microprocessor 
mode 


Evaluation chip 


FFFFFF,¢ 


The shaded area is the external memory area. 





Fig.65 External memory area for each processor 
mode 


internal clocks PLE LE LILI LE LIT 
Port P2 (__ XoataX XX data } 


Address Address 
Wait bit 
“4 ” 
Port P2 


Wait bit 
“QO” 


(Address X_Data_\ Address 





Fig. 66 Relationship between wait bit and access time 
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(1) Single-chip mode (00) 

single-chip mode is entered by connecting the CNVsg pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal !/O ports. Port P4, can be the ¢, output pin divided 
the clock to Xiy pin by 2 by setting bit 7 of processor mode 
register to “1” 

(2) Memory expansion mode (01) 

Memory expansion mode is entered by setting the proces- 
sor mode bits to “01” after connecting the CNVsg pin to Vss 
and starting from reset. 

Port PO becomes an address output pin and loses its I/O 
port function. . 

Port P1 has two functions depending on the level of the 
BYTE pin. | 

When the BYTE pin level is “L”, port P1 functions as an 
address output pin while E is “H” and as an odd address 
data |/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. In this case 
the I/O port function is lost. 

When the BYTE pin level “H”, port P1 functions as an 
address output pin and loses its I/O port function. 

Port P2 has two functions depending on the level of the 
BYTE pin. 

When the BYTE pin level is “L”, port P2 functions as an 
address output pin while E is “H” and as an even address 
data |/O pin while E is “L”. However, if an internal memory 
is read, external data is ignored while E is “L”. 

When the BYTE pin level is “H”. port P2 functions as an 
address output pin while E is “H” and as an even and odd 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. In 
this case the I/O port function is lost. 

Ports P39, P3;, P32, and P33 become R/W, BHE, ALE, and 
HLDA output pin respectively and lose their |/O port func- 
tions. 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Ap is “L” and BHE is 
a Pa? 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

Ports P4, and P4, become HOLD and RDY input pin re- 
spectively and lose their output pin function, but the input 
pin function remains. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. Ports PO, P1, P2, P3b, 
and P3, are floating while the microcomputer stays in hold 
state. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢stops at “L”. When ¢, output from port P4, is 
selected by setting bit 7 of processor mode register to “1”, 
¢, Output keeps on. RDY is used when slow external mem- 
ory is attached. 

(3) Microprocessor mode (10) 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. It can also be entered by 
programming the processor mode bits to “10” after con- 
necting the CNVsg pin to Vss and starting from reset. This 
mode is similar to memory expansion mode except that in- 
ternal ROM is disabled and an external memory is re- 
quired, and ¢, from port P4, is always output in spite of bit 
7 of processor mode register. 

(4) Evaluation chip mode [11] 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

The functions of ports PO and P3 are the same as in mem- 
ory expansion mode. 

Port P1 functions as an address output pin while E is “H” 
and as data I/O pin of odd addresses while E is “L” re- 
gardiess of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while Eis “L”. 

Port P2 function as an address output pin while E is “H” 
and as data I/O pin of even addresses while E is “L” when 
the BYTE pin level is “L”. However, if an internal memory is 
read, external data is ignored while E is “L”. 

When the BYTE pin level is “H” or 2°Voc, port P2 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
ga Bee 

Port P4 and its data direction register which are located at 
address 0A;, and 0C;, are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. | 

When a voltage twice the Vcc voltage is applied to the 











BYTE pin, the addresses corresponding to the internal 
ROM area are also treated as 16-bit data bus. 

The functions of ports P49 and P4, are the same as in 
memory expansion mode. 

Ports P42 to P4g become ¢,;, MX, QCL, VDA, and VPA out- 
put pins respectively. Port P47 becomes the DBC input pin. . 
¢, from port P4, divided the clock to Xi pin by 2 is always 
output in spite of bit 7 of processor mode register. 

The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 
instruction (operation code) is’ read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVgg pin in- 
put levels and processor modes. 








Table 5. Relationship between the CNVsg pin input 
levels and processor modes 











Description 








Single-chip mode upon start- 
ing after reset. Other modes 


* Single-chip 
* Memory expansion 





Vss | * Microprocessor can be selected by changing 


* Evaluation chip 






the processor mode bit by 







software. 











Microprocessor mode _ upon 
starting after reset. Evaluation 


* Microprocessor 







¢ Evaluation chip 





chip mode can be selected 






by changing the processor 













mode bit by software. 


* Evaluation chip * Evaluation chip mode only. 











oe 
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CLOCK GENERATING CIRCUIT 

Figure 67 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFF,, is 
written to watchdog timer and the watchdog timer input 
connection is forced to f32. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. | 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 68 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 69 shows an example of 
using an external clock signal. 


Interrupt request 


STP instruction 


S Q 
R 


Internal clock ¢. 


Fig. 67 Block diagram of a clock generator 





Q S 
R 





M37704M2AXXXFP 


Fig. 68 Circuit using a ceramic resonator 


M37704M2AXXXFP 


External clock source 





Vee MMO 


| vee FU UU | | 


Fig. 69 External clock input circuit 


& Reset 


STP instruction 


Watchdog 
timer 
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ADDRESSING MODES 

The M37704M2AXXXFP has 28 powerful addressing 
modes. 

Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37704M2AXXXFP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37704M2AXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 3 sets) 


are MESES 
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ABSOLUTE MAXIMUM RATINGS 


input voltage RESET, ONVes BYTE aeeemunnna ermal SEES =O) 
V 


[Pq | Powerdssipaion SS SSSSCS*«*r 


Operating temperature | —20~85 
= a0=160 











: 7 













Input voltage POg~P07, Plop~P17, P29~P27, P39~P33, 
P4y~ P47,. P5o~ P57, P69~ P67, P7o~P77, 
P89~P87, Vrer, Xin 
Output voltage PQ9~P07, Pl9p~P17, P29~P27, P3p~P33, 
P4)~P4,, P5o~ P57, P69~ P67, P7o9~P77, 











P89~P87, Xour, E 








Parameter min. | _Typ._| 
Voc Supply voltage 4.5 
Analog supply voltage es Voc 
Supply voltage 


High-level input voltage POg~P07, P389~P33, P49~P4z, 
P5o~ P57, P6o~ P67, P79~P77, 
P8)~ P8,, Xin, RESET, CNVsgzs, 





High-level input voltage P19~P17, P29~P27 
(in single-chip mode) 


Low-level input voltage POQ9~P07, P39p~P33, P4o~P4z, 
PSo~P57, P69~P67, P79~P77, 
P89~P8,, Xin: RESET, CNVssz, 
BYTE 


Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 
High-level peak output current POg~P07, P19p~P17, P29~P27, 
lon( peak) P39~P33, P49~P47, P5o~P57, 
P69~ P67, P79~P77, P89~P8- 


High-level average output current POg~PO7, Plo~P17, P29~ P27, 
lon(avg) P3o~ P33, P4o~P47, PSo~ P57, 
P69~ P67, P79~P77, P8o~ P87 


Low-level peak output current POg~P07, Plgo~P17, P29~P27, 
lou(peak) P3o~ P33, P4o~P47, P5g, P57, 
P69~ P67, P7o~ P77, P8o~ P87 
lou(peak) | Low-level peak output current P59~P55 | 





Low-level average output current POg~P07, Plp~P17, P29~P27, 
lo( avg) P39~ P33, P49~P47, P5e, P57, 

P69~P67, P7p~P77, P89~P87 
lot(avq) | Low-level average output current P5p~P5s 





f(Xin) External clock frequency input 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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M37704M2AXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V. Vss=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) 


High-level output voltage POg~P07, P19p~P17, P2o~P27, 
P39, P31, P33, P49~P4z, 
P59 P57, P6)~ P67, P7p~P77, 
P8~ P87 


High-level output voltage POg~P07, Plo~P17, P29~P27, 
lon=—400uA : 
P3o, P3:, P33 sii . = 


lox=—1 OmA 


, 
High-level output voltage P32 4.8 | 
| 4.8 





lox= —10mA 











lon= —400u A 


| 


High-level output voltage E 
2 i : lon=— 400A 











Low-level output voltage POQ9~P07, Pip ~P17, P29~P2z, 
P3o, P3), P33, P49~P4;, 
P5z, P57, P69~ P67, P7o~P77z, 
P8)~P87 


Low-level output voltage P5g~P5s5 loc =20mA 


loL= 10mA 

















Low-level output voltage PO p~P07, P19 ~P17, P29~P2z, 
P39, P31, P33 








Low-level output voltage P3. 
lol =2mA 
loL=10mA 


Low-level output voltage E 














Hysteresis HOLD, RDY, TAQ\w~TA4n, TBO|y~TB2in, 
INTo~INT2, ADtrg, CTSo, CTS;, CLKo, CLK; 

Hysteresis RESET 

Hysteresis Xn 

High-level input current POg~P07, Pligp~P17, P29~P27, 
P39~P33, P49 ~P47, P5o~ P57, 
P69~ P67, P79>~P77, P89~P8, 
Xin, RESET, CNVgg, BYTE 

Low-level input current POg~PO07, P19~P17, P29~P27, 
P39~ P33, P49~P47, P5g~P57, 
P69~P67, P79>~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 

RAM hold voltage When clock is stopped. 


















































f( Xin) =16MHz, 

In single-chip mode | square waveform 
output only pin is Ta=25° when clock 
open and other pins | is stopped. 

are Vss during reset. | T,=85°C when clock 


is stopped. 





Power supply current 














Parameter Test conditions 





Resolution . Veer Voc 





L 
Absolute accuracy Vrer=Voc 








RiLADDER [ Ladder resistance Vrer= Voc 








tconv | Conversion time 


Vrer Reference voltage 








at 























Via Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Ves=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) 
External clock input 


Parameter 


External clock input cycle time 
External clock input high-level pulse width 






Test conditions Unit 


4 
< 
= 


oO 


fop) 
NO 


N 






External clock input low-level pulse width 
External clock rise time 
External clock fall time 






RO 
oO 





Single-chip mode : 


Parameter Test conditions 


Port PO input setup time | 
Port P2 input setup time 





Port P7 input setup time 
: 
th(e—psp) 


Port P7 input hold time 
Port P8 input hold time 











Parameter 





tsu(p1D—e) Port P1 input setup time 


RDY input setup time (when wait bit = “1”) 
Port P2 input hold time 
RDY input hold time 
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Timer A input (Count input in event counter mode) 


Symbol Parameter Test conditions 









Timer A input (Gating input in timer mode) 


TAin input cycle time ie 












Timer A input (External trigger input in one-shot pulse mode) 





' Symbol Parameter Test conditions 


TAiy input cycle time 
TAiin input high-level pulse width 
TAiy input low-level pulse width 




















Timer A input (External trigger input in pulse width modulation mode) 


3 Limits 
Symbol Parameter Test conditions 


TAiin input high-level pulse width 
twéTaL) TAiin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 


Parameter 





TAiour input cycle time 








tw(uPH) TAiout input high-level pulse width 





TAiout input low-level pulse width 


tsu(uP-Ty) TAiout input setup time 


thi tyw-uP) TAiout input hold time 
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Timer B input (Count input in event counter mode) 


is resreonenens [ain [Tye] 
Typ. 


Geo tenwiesmelersesen) 
tire) | TBlw put Ngrlevel pulse width (one edge coun) ———=SCSC~C~dSSC‘“‘CSCCC#C#* CCC 
incre) | TBin input iw-level pulse wish (one edge coum) —=SS=dCSCSC‘“‘SNSCC~‘*'CSCCT Ci 
tore) | Tein input ce tine Goth edges cou) ST CSC~—~iC TC 
inven) | TBin input Nghdovel pulse with (both edges count) ——=—SCdSSSCSCSC~C~— YC” 

= 

















tw(TBL) TBiy input low-level pulse width (both edges count) 





Timer B input (Pulse period measurement mode) 













Timer B input (Pulse width measurement mode) 




















tc(ap) ADyzarc input cycle time (minimum allowable trigger) aaa 1000 
twiaot) _| ADrre input low-level pulse width 7 aes eis 


Serial I/O 





in. 














P taco) | TDiouputdeiaytme —SSCS™~—“~*~*~*~*~*~*~*~*~*~*~—~—‘~S~“‘“‘“S*S*™*™*™~*dCSSC*dSC‘“‘(‘##SS§’S“*dSCing 
RxDi input hold time 











External interrupt INTi input 


Symbol Parameter Test conditions 


INTi input high-level pulse width 
INTi input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V410%, Vss=0V, Ta=25C, f(Xn)=16MHz, unless otherwise noted) 
Single-chip mode 


Port PO data output delay time 
Port P1 data output delay time 


Limits 
Typ 







Unit 


















a" _—t | os ah 
© O;oO fan} 






Memory expansion mode and microprocessor mode (when wait bit = “1") 


E 





Limits 
Typ 


Unit 


ww 
Oo 


a 
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ALE pulse width 
BHE output delay time 
R/W output delay time 
: Fig. 70 


=] 
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Port P1 address hold time (BYTE=“L”) 
Port P2 data hold time 

Port P2 floating release delay time 
BHE hold time 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Typ. 

Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P2 floating start delay time 
Port P2 address output delay time 
HLDA output delay time 
Port P1 address hold time (BYTE="L”) 
Port P1 data hold time (BYTE="L”) 

i ="H") 
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Fig. 70 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM Pe cl. te a as 
Single-chip mode 
(Xin) 
E 
nig td(e—poq) 
Port PO output X 
tsu(poo—e) pa 
Port PO input A thie—poo) 
nag td(e—P1a) 
Port P1 output |X 
tsu(p1D—e) peat 
ae 
thce— 
Port P1 input h(e—P1p) 
aay tdie—p2q) 
X 
Port P2 output 
tsu(p20—e) pea 
Fe 
thie— 
Port P2 input ere) 
ny tdie—psaq) 
X 
Port P3 output 
tsu(p30—€) pant 
AS. 
Port P3 input h(€—P3p) 
ay td(e—paq) 
Port P4 output X 
tsu(p4p—e) ——? | 
(E- ) 
Port P4 input ae 
Be tdie—psa) 
KX 
Port P5 output 
tsu(psp—e) pam 
F ie thie—psp) 
Port P5 input 
td(e—p6a) 
p 
Port P6 output 
tsu(peo—e) pani 
i 
Port P6 input th(e—pep) 
any td(e—p7aq) 
X 
Port P7 output 
tsu(p70—e) ppamal 
Rt La 
Port P7 input thie—pP7p) 
P| td(e—psa) 
Port P8 output X 
t = 
su(P8D—E) ae 
Port P8 input thie—Peo) 
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TAijn input 






te(up) 





tw(uPH) 





TAiout input 


TAiourt input 
(Up-down input) ( 


In Event counter mode 


TAiny input 

(When count by falling) 
SE te Re) 

(When count by rising) | 


te(7B) 









tw(TBH) 







TBiy ifpui / 
a ee 
| | tw(reL) | | 
te(an) 
ADrac input 
te(ck) 


| 
‘ 





CLKi 
tsu(p—c) thic—p) 
Pees 
RxDi 
twant) 
INTi input 





Test conditions 

: Vec= 5 V+10% 
* Output timing voltage : Vo. =0. 8V, V,;4=2. OV 
* Input timing voltage: V,;_=1. OV, V,4,=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1”) 





= 
matron se a 
(Ag~A7) 4 
a = 





thcace—P1a) i DS | tezx(e—P1z) 
(Ag~Aj5/Dg~Di5) fate aie 
_ ane 
(P1A—E) 
tna) ieee 
= es | 
(Ag~Ais) 
(BYTE="“H") — thie—pip) 
Port P1 input 


th(aLe—p2a) = texz.e—F2z) tezx(E- p22) 
a a Cheb nae gt eg 


(Aie~Az3/Do~D7) eee tsu(P2D—€) 
Port P2 input 


paid wg thie—p2p) 

Port P33 output 
(HLDA) 

ram E) 

= td(ace—e) 
Port P3,. output 
(ALE) 
= 


(BHE) 
Walesa thie—ryw) 
Port P3, output 


(R/W) 


tsu(rpy—¢,)| th(¢,—Rby) 


Port P4, input , | 


(RDY) 
Test conditions 
cco= 5 V+10% 
* Output timing voitage ° Vo, =0. 8V, Voy=2. OV 
* Ports P1,P2 input > Vi =0. 8V, Viy=2. 5V 
* Port P4, input > Vii=1. OV, Viy=4. OV 
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Memory expansion mode and microprocessor mode(when wait bit=“0", and external memory area is accessed) 


tc 
f(Xin) | | | 
py 
tdie—9,) tdie—¢4) 







ue 


(Ao~ Az) 


thiate— PIA) tezx(e—P1z) 
Port P1 output 
(Ag~A15/Dg~Di5) <i — Address 
' (BYTE=“L”) 


atl me P1Q) 
are E) 
he eee et 


Port P1 output 
ree nD a ao 
(BYTE=“H") 

ay (E—P1D) 
Port P1 input 


th( ace—p2a) ‘= a =n texz(e—p2z) tezx(e—p2z: 
neers Cat sth) 
Address Data Address | )}- —-—-—-—-— _ Address 
(Ais~Az3/Do~ D7) 
GERE te) tsu(p20—e) | thinness 
—t+, 


Port P33 output 
(HLDA) 
W (ALE) 
d(Ace— E) 
Port P3, output 
(ALE) 
Race E) 


(BHE) 


thce—aw) 


Port P2 input 





Port P39 output 
(R/W) 





tsu(RDY—¢ ;) thi ¢ 1—RDY) 
Port P4, input a 
(RDY) 


Test conditions 

co™= 5 V+10% 
* Output timing voltage * Vo_=0. 8V, Voy=2. OV 
* Ports P1,P2 input > Vit=0. 8V, Viy=2. 5V 
* Port P4, input - ViL=1.0V, Vin=4. OV 
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DESCRIPTION 

The M37704M2EXXXFP and M37704S1EFP are single-chip 
microcomputers designed with high-performance CMOS 
silicon gate technology. These are housed in a 80-pin plas- 
tic molded QFP. These single-chip microcomputers have a 
large 16M bytes address space, three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. 
These microcomputers are suitable for office, business, and 
industrial equipment controller that require high-speed pro- 
cessing of large data. 

Also, the incorporated motor control circuit makes these 
microcomputers suitable for control of equipment that re- 
quires motor control. 

The differences between M37704M2EXXXFP and M37704 
S1EFP are the ROM size as shown below. 
Therefore, the following descriptions will 
M37704M2EXXXFP unless otherwise noted. 


Type name ROM size 
M37704M2EXXXFP 16K bytes 
M37704S1EFP | __External_—_| 


The M37704M2EXXXFP is the wide operating temperature 
range version of the M37704M2AXXXFP. 


be for the 






External clock input frequency 















DISTINCTIVE FEATURES 


@ Number of basic instructions See S cee ceo ere leita! wi low Ww leg lone Sere Gre eee 103 
) Memory size 910) \\ eee cere 16K bytes 
99 .\ \\, Cee ere 512 bytes 
@ instruction execution time 
The fastest instruction at 16 MHz frequency --:::-:: 250ns 
@ Single power supply stone ee aiacu oer larhsoraydiery ial eteldi viet Ae Sue stele dieses 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 
ra ec ee ire 60mW (Typ.) 
@ Wide operating temperature range-:*-*""-----*- —40~85°C 
e@ Interrupts PRR ME I a ee Ce re RO 19 types 7 levels 
® Multiple function 16-bit timer ccc rr 5+3 
(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 
@ UART (may also be synchronous) <7 reterreeee 2 
@ 8-bit A-D converter ‘7 rer 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)---er 68 
APPLICATION 


Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


PIN CONFIGURATION (TOP VIEW) 


Ede P7,/AN, 


P7o/ANy > [1 


P6,/INT, +> 
P6,/INT, + [6] 
P62/INTo +> 


PBg/TAdour/RTP15 +> [2 


PS6/TA3qur/RTP12 +> LY 
P55/TA2Qiny/U/RTPI, +> 
P5,/TA2our/V/RTPLy +> 
PSa/TAT y/W/RTPO, + [i 
P5p/TAtyr/U/ATP D2 +> 
P5,/TAOy/V/RTPO, +» [el 
P§o/TADQur/W/RTP05 +> 


dsjAaltSv0ZZew 
JO 
d4dXXXdacWv0ZZew 


44] +> P2,/Ai6/Do 
++ P2,/A,7/D, 
++ P25/A,4/D> 
fat] > P2,/Ayq/Ds 


P3,/BHE + 


P33/HLDA <> 
P320/ALE <> 
P27/A23/D7 LE 
P2.6/A22/De 
P2s5/A21/Ds 
P24/Az29/Daza 


Outline 80P6N-A — 





THE FUNCTIONS AND CHARACTERISTICS 
The M37704M2EXXXFP has the same functions and char- 
acteristics as the M37704M2AXXXFP except for the follow- 
ing. Refer to the section on the M37704M2AXXXFP. 






—40~85C 
Storage temprature —65~ 150°C 


A-D converter absolute accuracy Max. +3LSB 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 






Operating temperature range 
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M37704M2EXXXFP BLOCK DIAGRAM | Reference Bus width 


Clock input Clock output Enable output Reset input (5V) Ov, (OV) (5V) voltage input selection input 


Xin Xour 
9 













(9L)HUN 
91607 onawyy 


ROM 
16K Bytes 


61: 62,63, 6465) 6) 67) 8 
oo 
Input/Output 
port P8 


ne 


VDDWME D WO] DHOOD OOD WVBUM WWW ID V0 VA WAIVHV—G3 GHGS) B—3 HEY WA D4 4 ANG GOED 
SS SS SS Se 





E RESET Vec Voc Vrer BYTE 


(OV) ( 
Ves CNVss AVss A 
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ent oak anh tone eae 
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63)64)65)6667'68)6960-— - 
Input/Output - Input/Output Input/Output Input/Output: Input/Output Input/Output Input/Output Input/Output 
port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 
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DESCRIPTION 

The M37704M4BXX*FP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has three instruction queue buf- 
fers, and two data buffers for high-speed instruction execu- 
tion. The CPU is a 16-bit parallel processor that can also 
be switched to perform 8-bit parallel processing. This mic- 
rocomputer is suitable for office, business, and industrial 
equipment controller that require high-speed processing of 
large data. 

Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 

The M37704M4BXXXFP operates only in the single-chip 
mode. 


ee FEATURES 


Number of basic instructions Se By ese ww SONS le aueseie wie 6/8918 05-06 eas. 88S 103 
@ Memory size ROM ECR ee ea ee a ee 382K bytes 
RAM cerccrcccccccctetteet ees teeeeees 1024 bytes. 
@ Instruction execution time 
The fastest instruction at 25 MHz frequency -:::-::: 160ns 
@ Single power supply sree 5V+10% 
@ Low power dissipation (at 25 MHz frequency) 
sisiiargiedae ai siavaea ore orbcaiwhebeibewieee 95mW (Typ.) 
@ interrupts TOCPeTTTTeeT Ter errr errr eee eee ee ee ee 19 types 7 levels 
@ Multiple function 16-bit timer: S+3 
(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 
@ UART (may also be synchronous) dius Wee Pea e ade ere tune eee Ea ne 9 
@ 8-bit A-D converter ---:7 srr 8-channel inputs 
@ 12-bit watchdog timer 
@® Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)- re 68 
APPLICATION 


Control devices for equipment that requires motor control 
such as inverter type air conditioners and general purpose 
‘inverters. 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers. 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


PIN CONFIGURATION (TOP VIEW) 


SB] P7,/AN, 
y. P72/ANo 
=> P73/AN3 
bad P74/AN, 
> P75/ANs 
oT P7.6/ANg5 
[BS] ++ P8Bpo/CTSo/RTSo 
[Sj+> P81/CLKo 
1&i+> P82/RxDo 
Epes P83/TxDo 


+> P8./CLK, 
62] <> P8,_/RyD, 
P65/TBOw > [4] - P87/T,D, 


P6g/TA4gur/RTPI, +> [9 


PSg/TASQut/RTPlo +> 1] 
PSs /TAQiny/U/RTPI, +> 
P5,/TA2oyr/VIRTP1y + 
PSg/TAT y/W/RTPO3 ++ [14] 
P5o/TAL our/U/RTPO> + [15 
P5,/TAQ w/V/RTPO, +» [ie 
PSo/TAQgur/W/RTP0y +> 


ddaXXXdrWvroZZew 


P4, +> 
P4, + [21 
P4, + 


P4, +» 


Outline 80P6N-A 
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M37704M4BXXXFP BLOCK DIAGRAM Reference Bus width 


Clock input Clock output Enable output Reset input (5V) (OV) (OV) (OV) (5V) voltage input selection input 





Xin Xout E RESET Voc Vss CNVss AV AVcc Vrer BYTE 
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Tne TA 
Timer TA3(16) Watchdog Timer 
Timer TA2(16) Timer TB2(16) 
ROM RAM 
32K Bytes 1024 Bytes Timer TA1(16) Timer TB1(16) UART1(9) 
Timer TAO(16) Timer TBO( 16) UARTO(9) A-D Converter(8) 










sng ssouppy 










(PPO)sng eyeq 
(uanq)sng eyeq 





61) 6263 GH ES) 66) €) C9) DOOD D WO-@ ODOOOD ODO OVOBU WW WA (MWD 2D DHN-3} HED GO—3N BD) DW) WOO—H OMY OONGNE2—46H656H6D696969— —- ————— 
————_ YY ~~ VY Se SE SYS SO SSE oS TE ~~  ( _ 
Input/Output Input/Output Input/Output Input/Output Input/Output = Input/Output - Input/Output Input/Output Input/Output 
port P8 port P7 port P6 port PS port P4 port P3 port P2 port P1 port PO 
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FUNCTIONS OF M37704M4BXXXFP 


( 












Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
Memory size 
a 


1024 bytes 


Ror ee PO~P2, P4€~P8 8 -bitX 8 
npu ufput ports 


TBO, TB1, TB2 16-bitX 3 
Serial |/O UART or clock synchronous serial I/O) X2 


; ; TAO, TA1, TA2, TAS, TA4 16-bitX 5 
Multi-function timers 


Watchdog timer 12-bitX 1 
Dead-time timer . 8 -bitX 3 
3 external types, 16 internal types 
Interrupts : fn 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 


Power dissipation 95mW(at external clock 25MHz frequency) — 


nput/Output characteristic 
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PIN DESCRIPTION 


Power supply 
Vss 


CNVss CNVszg input Input 


Supply 5 V+10% to Vcc and 0 V to Vss. 


Connect to Vsgs. 


Q 
2 








RESET Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 
Xin Clock input These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 





_ tween Xin and Xout. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. , 


Data or instruction read and data write are performed when output from this pin is “L”. 


Connect to Vgs. 





Xout Clock output Output 
Enable output 
BYTE Bus width selection input 


Analog supply input 








Power supply for the A-D converter. Connect AVcc to Vcc and AVssg to Vsg externally. 


VREF Reference voitage input Input This is reference voltage input pin for the A-D converter. 


PO9~ P07 I/O port PO | 
| 





> > 
<< 
f 8 


Port PO becomes an 8-bit I/O port. An |/O direction register is available so that each pin can be program- 


med for input or output. These ports are in input mode when reset. 





P19~P17 1/O port P1 


P29~P27 1/O port P2 


P3>~P33 ‘| 1/0 port P3 


oO These pins have the same functions as port PO. 
These pins have the same functions as port PO. 


These pins have the same functions as port PO. 


/0 

/ 

/0 
/O 


P49~P47 1/O port P4 1/0 These pins have the same functions as port PO. Port P42 can be programmed for ¢, output pin divided the 
clock to Xin pin by 2. 








1/O port P5 1/0 in addition to having the same functions as port PO, these pins also function as |/O pins for timer AO, timer 


A1, timer A2 and timer A3. P59 to P5g also have the function as motor control output pins. 
















I/O port P6 In addition to having the same functions as port PO, these pins also function as |/O pins for timer A4, exter- 
nal interrupt input INTp, INT; and INT2 pins, and input pins for timer BO, timer B1 and timer B2. P6 also has 


the function as motor control output pin and P62 as motor control pin. 








P79~P77 I/O port P7 In addition to having the same functions as port PO, these pins also function as analog input ANo to AN; in- 


put pins. P77 also has an A-D conversion trigger input function. 






P89~ P87 I/O port P8& /O In addition to having the same functions as port PO, these pins also function as RxD, TxD, CLK, CTS/RTS 


pins for UART 0 and UART 1. 
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BASIC FUNCTION BLOCKS 

The M37704M4BXXXFP contains the following devices on a 
single chip: ROM and RAM for storing instructions and 
data, CPU for processing, bus interface unit (which controls 
instruction prefetch and data read/write between CPU and 
memory), timers, UART, A-D converter, and other peripher- 
al devices such as !/O ports. Each of these devices are de- 
scribed below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 64K bytes from addresses 0;¢ to FFFFig. This 64K bytes 
address space is called bank 01, (Note 1). 

Built-in ROM, RAM and control registers for built-in 
peripheral devices are assigned to bank 046. 


0000001¢ 
00007 Fi¢ 
00008016 





Internal RAM 
1024 bytes 


00047F 1.6 


Bank 046 


008000;, 


internal ROM 
32K bytes 


OOFFD6i.6 


OOFFFFis 


Fig. 1 Memory map 





The 32K bytes area from addresses 8000, to FFFFi¢ is the 
built-in ROM. Addresses FFD6,, to FFFF,, are the RESET 
and interrupt vector addresses and contain the interrupt 
vectors. Refer to the section on interrupts for details. 
The 1024 bytes area from addresses 80;¢ to 47Fi¢ contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 06 to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 
A 256 bytes direct page area can be allocated anywhere in 
bank 01. using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 
Note 1. M37704M4BXXXFP operates only in the single-chip 
mode. Therefore, the address space is bank 04. 


Peripheral devices 
control registers 


see Fig. 2 for 
further information 


interrupt vector table 


UARTO receive 
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Address (Hexadecimal notation) Address (Hexadecimal notation) 
- 000000 000040 Count start flag 

ooooot fo QOO08 Te an ae ae 
000002 000042 | One-shot start flag | 
000003 000043 
000004 000044 
000005 000045 fo 
000006 000046 | 5. AO 
000007 | Port P3 000047 
000009 000049 
00000A 00004A [o.oo 
00000B 000048 
00000C 00004C 
00000D 00004D 
00000E QO004E | Tor Ad 
00000F 00004F 
000010 000050 | 5. or BO 
000011 000051 
000012 000052 |. Bt 
00001i3 ft 000053 
000014 000054 | 5. or Be 
000015 fo 000055 
000016 _—___—__—— 000056 | Timer AO mode register 
000017 000057 Timer A1 mode register 
000018 jf 000058 
000019 || eee 000059 | Timer A3 mode register 
00001A ee QO005A | Timer A4 mode register 
00001B 00005B Timer BO mode register 
00001C ee ee see chee ee nainnsn ba cn ne Cones atl 00005C Timer B1 mode register 
00001D | ——<“—si—‘“‘“‘“‘i 00005D_ | Timer B2 mode register 
00001E O0O005E Processor mode register 
00001F 00005F 
OGCO20 A-D regisier 0 COCCEC Watchdog timer 
o0002t 000061 
000022 000062 | Waveform output mode register » 
000023 | 000063 | Dead-time timer 
000024 000064 | Pulse output data register 1 
000025 000065 Pulse output data register 0 
000026 ooooes fo 
Q00G27) [lander Q0O0G?, iS oe a Re ee a el 
000029 | 000069 
00002A ooooseA | 
000028 | o000geB | 
oo002D | 00006D 
00002E ooooseE fo ———“(ti‘“SsSSCSsS 
oooo2F fo oooocsF [oo 
000030 000070 
000031 000071 UARTO transmission interrupt control register 
abt UART 0 transmission buffer register ee 
000033 000073 
000034 000074 | UART1 receive interrupt control register 
000035 000075 
000037 000077 
000038 000078 
000039 000079 
00003A 00007A 
00003B 00007B 
00003C 00007C_ | Timer B2 interrupt control register 
00003D 00007D 
eee UART 1 receive buffer register pirhate 
00003F 00007F INTs interrupt control register 


Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


/ 0 
Program bank register PG 


7 0 


Data bank register DT 





Fig. 3 Register structure 


In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 
Index register X 


Index register Y 


Stack pointer S 
Program counter PC 
Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 
‘Overflow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the contents of the prog- 
ram bank register (PG) is incremented by 1. Also, when a 
carry or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


Data bank register (0D is is an n 8- bit ragister. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 


Direct page register (DPR) is a 16-bit register. Its contents 


is used as the base address of a 256-byte direct page. 


area. The direct page area is allocated in bank 0j., but 
when the contents of DPR is FF01;, or greater, the direct 


page area spans across bank 0; and bank 14. All direct . 


addressing modes use the contents of the direct page reg- 
ister (DPR) to generate the data address. If the low-order 8 
bits of the direct page register (DPR) is “00,,”, the number 
of cycles required to generate an address is minimized. 
Normally the low-order 8 bits of the direct page register 
(DPR) is set to “00,,”. 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of open and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 
The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 

When the interrupt disable le flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “0” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “0”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and + 32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


ns eee 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency fix.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 
unit 





Fig. 4 Relationship between the CPU and the bus interface unit 
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Instruction code read will be described first. 
The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 


interface unit that it is requesting an instruction code during. 


an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 7 ; | 

Data read and write are described below. - 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit performs the opera- 
tion. . 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 


address received from the CPU to the address bus. Then it — 


reads the memory when the E signal is “L” and stores the 
result in the data buffer. a 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 


data in the data buffer to the data bus and writes it to 


memory. 
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INTERRUPTS 

Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control 
registers and Figure 5 shows the bit configuration of the in- 
terrupt control register. 

Use the SEB and CLB instructions when each interrupt 
control register is set. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an_ interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT. to INTg are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
sense selection bit. Furthermore, the polarity of the inter- 
rupt input can be selected with polarity selection bit. 








The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 6. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 


Table 1. Interrupt types and the interrupt vector 
addresses 


Vector addresses 
A-D conversion OOFFD6,., OOFFD/7\. 
UART1 transmit OOFFD8,, OOFFD9i¢ 
UARTO transmit OOFFDC,, OOFFDDi, 
UARTO receive OOFFDE,, OOFFDF,, 
Timer B2 OOFFE0,, OOFFE116 
Timer B1 OOFFE34, 
Timer BO OOFFE5,, 
Timer A4 OOFFE7;. 
Timer A3 OOFFE9,, 
Timer A2 OOFFEBi, 
Timer A1 OOFFEDi.¢ 


Interrupts 

















OOFFE64, 
OOFFE8,, 











Timer AO 


OOFFEFi¢ 


Timer and UART interrupts are described in the respective OOFFF 14, 


section. 


INT, external interrupt OOFFF0,, 
INT, external interrupt OOFFF2,, OOFFF3,, 
INT external interrupt OOFFF4,, OOFFF5,. 
DBC (unusable) OOFFF8,, OOFFF9%¢ 
Break instruction OOFFFAi., OOFFFBi, 
Zero divide OOFFFC,, OOFFFD4., 


Reset OOFFFEi¢ OOFFFFi¢ 











Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1: Interrupt 


Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


1 SS Same = ee Sy Se eS) 


ae eee 


Interrupt priority 
Interrupt request bit 
0 : No interrupt 


1: Interrupt 
Polarity selection bit 
0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 
1 : Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. 
Level sense/edge sense selection bit 
0 : Edge sense 


] : Level sense © 


Interrupt control register configuration for INTo~INTo. 





Fig. 5 Interrupt control register configuration 





MITSUBISHI 


ELECTRIC ae 


MITSUBISHI MICROCOMPUTERS 


M37704M4BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Table 2. Addresses of interrupt control registers 


Interrupt control registers | 
UARTO receive interrupt control register 


UART1 transmit interrupt control register 00007346 


Timer AO interrupt control register 0000754. 
0000766 














000077:6 
Timer A3 interrupt control register 000078,, — 
Timer A4 interrupt control register 


00007944 
: 00007Ai6 
00007Bi.¢ 
00007Ci, 


-Timer BO interrupt control register 
Timer B1 interrupt control register 
Timer B2 interrupt control register 





INT, interrupt control register 00007D4., 
INT, interrupt control register 00007E46 





INT» interrupt control register | 


00007F 16 


Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 7 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 

Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “OQ” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “0” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. | 








Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


® ® @ @ 


fee, ee ge | See 
| ee ee | __ |Watchdog] | ——— 
| | timer DBC 


A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside @ 
Fig. 6 Interrupt priority 


Level 0 


A-D conversion 


Interrupt request UART1 transmit 


UART1 receive 


UARTO transmit 





| +H UARTO receive 
Timer B2 
Timer B1 
Timer BO 


Timer A4 


Timer A3 


Watchdog 
timer 


Timer A2 


Timer A1 


D-DD Dp 


Interrupt disable flag | Timer AO 


Zz 
+ 
~ 


[\ 


| 


z 
a 


+ 
° 


IKXIKIKIKIKIKIKIKIKIKIK 


Fig. 7 Interrupt priority resolution 
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As shown in Figure 8, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,¢) shown in Figure 9. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized. to “O0,;,’ and therefore, the longest time is 
selected. 

However, the shortest time should be selected by software. 


Internal clock ¢ 


Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 


Interrupt types Setting value 
i rr re, 2 





7 
Watchdog timer 
Not change value of IPL. 
BRK instruction Not change value of IPL. 


Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 


Priority level resolution time selection bit 
Number of cycles 


ae eat eee ae 7 cycles of ¢ 
i ee ee ae 4 cycles of ¢ 
ae eee 2 cycles of $ 










¢: internal clock 


PS teal Wes ea ea eal sl? est 


Operation code fetch vie f-| |  f Lo 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 


Fig. 8 Interrupt priority resolution time 





Processor mode bits 
0 0 : Single-chip mode 
These bits shall be “00”. (These are set to “00” after a reset.) 


Fix to “0” 


Software reset bit 
The processor is reset when this bit is set to “1”. 
Priority resolution time selection bit 
0 0 : Select 0 in Figure 8 
0 1 : Select 1 in Figure 8 
1 0 : Select 2 in Figure 8 
—— Test mode bit 
This bit must be “0”. 
Clock ¢, output selection bit 


0 : No ¢, output 
1 : $, output 





Fig. 9 Processor mode register configuration 


MERE 
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TIMER | 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5 and 

P6. To use these pins as timer input pins, the data direction 

register bit corresponding to the pin must be cleared to “0” 

to specify input mode. 

Using this timer, confirm the function as this timer is diffe- 

rent a little from M37700M2AXXXFP’s. 


TIMER A 

Figure 10 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Aji. 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 


fo: 0 ¢ Timer 
















(1) Timer mode (00) 

Figure 11 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “O” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “0”. 

Figure 12 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


Lower 8 bits) (Higher 8 bits) 





* One-shot 
fig-—O * Pulse width modulation 
O 
fea —Oo 
Timer(gate function) cS ee 
ey O 5 re 
| Counter(16 
i (16) Addresses 
Polarity Event counter Up/Down TimerA0 4716 4646 
TAln selection Count start flag Always decremented jee 4916 4816 
ea except in event count mode} _.. 
(i=0~4) . (404.6) R TimerA2 4Big 4Ai6 
External trigger 
Down count O Timer A3 4Di 4Ci¢ 


TimerA4 4Fig 4Ex6 


Up-down flag S 0 


(44,6) 


Pulse output 


@ m | 
TAiour 
(i=O~4) 


Fig. 10 Block diagram of timer A 


Toggle flip-flop 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigyr pin. The output is toggled each 
time the contents of the counter reaches to 0000;,. When 
the contents of the count start flag is “O”, “L” is output from 
TAiour pin. 

When bit 2 is “0”, TAigyx can be used as a normal port pin. 
When bit 4 is “0”, TAi,, can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAi,,y pin is “H” or “L” as shown in Fi- 
gure 13. Therefore, this can be used to measure the pulse 
width of the TAiy input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi\y pin input 


Fig. 11 


signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAi,, pin must be 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


‘ No pulse output (TAigyr is normal port pin) 


: Pulse output 


: No gate function (TAiy is normal port pin) 


: Count only while TAijy input is “L” 


: Count only while TAij,y input is “H” 


: Always “0” in timer mode 


Clock source selection bit 
00 : Select f. 
01 : Select fyi, 


1 0 : Select fe4 


1 : Select fs12 





Timer Ai mode register bit configuration during timer mode 
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7 6 5 4 3 2 1 0 Count start flag Address 
Elalelslela rn ° 


Timer AO count start flag 


Timer A1 count start flag 


Timer A2 count start flag 


Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 12 Count start flag bit configuration 


Selected clock source fj 


Timer mode register 
Bit 4 Bit 3 


UUW 


Timer mode register 


Bit 4 Bit 3 
UUUUUUL JUUUUUUL 


Fig. 13 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 14 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. 

The input signal from the TAijy pin is counted when the 
count start flag shown in Figure 12 is “1” and counting is 
stopped when it is “0”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAioyr pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “0” and in- 
crement when it is “1”). Figure 15 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigyur pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAigyy pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAioyur pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAigyy pin be- 
fore valid edge is input to the TAijyy pin. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000,, (decrement count) or 
FFFF,, (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

When bit 2 is “1” and the counter reaches 0000i. 
(decrement count) or FFFF,. (increment count), the wave- 
form reversing polarity is output from TAioyrz pin. 

If bit 2 is “0”, TAigyr pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAigyy pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “O” unless the output from 
the TAigur pin is to be used to select the count direction. 





Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 1 : Always “01” in event counter mode 


- No pulse output 
- Pulse output 


: Count at the falling edge of input signal 
- Count at the rising edge of input signal 


: Incremént or decrement according 
to up/down flag 
: Increment or decrement according 


to TAiour pin input signal level 


- Always “0” in event counter mode 


- Not used in event counter mode 





Fig. 14 Timer Ai mode register bit configuration 
during event counter mode 


aoe een eS aed 
PT TTT ETT] up-down tiag *% 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag, 
Timer A3 up-down flag 


Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
: Two-phase pulse signal processing 
mode 


Timer A3 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 


1: Two-phase pulse signal processing 
mode 


Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


Fig. 15 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjoyr (j=2 to 4) pin and TAjyy pin. 

When timers A2 and A3 are used, as shown in Figure 16, 
the count is incremented when a rising edge is input to the 
TAKin pin after the level of TAKour (k=2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. . 

For timer A4, as shown in Figure 17, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4oyr pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4oyr pin and TA4,, pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4,, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4,, pin and TA4oyr 
pin. When performing this two-phase pulse signal proces- 





sing, timer Aj mode register bit O and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


Addresses 
Timer A2 mode register 5816 


Timer A3 mode register 5946 


Timer A4 mode register 5Ai¢ 


i= 0 1 : Always “01” in event counter mode 


0 100 : Always “0100” when processing 
two-phase pulse signal 


XX : Not used in event counter mode 
Fig. 18 Timer Aj mode register bit configuration when 


performing two-phase pulse signal processing 
in event counter mode 


(k=2, 3) 


Increment- Increment- Increment- 


count count count _ count count 





Decrement- Decrement- Decrement- 


count 


Fig. 16 Two-phase pulse processing operation of timer A2 and timer A3 


SN ee er Np? 


Increment-count at each edge 


a nr rere 
Increment-count at each edge 


Decrement-count at each edge 


Se 
Decrement-count at each edge 





Fig. 17 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode (10) 

Figure 19 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must Timer Al mode register 9/16 
be “1”. Timer A2 mode register 5846 
The trigger is enabled when the count start flag is “1”. The Timer A3 mode register 5946 
trigger can be generated by software or it can be input 
from the TAi,y pin. Software trigger is selected when bit 4 
is “O” and the input signal from the TAijy pin is used as the 
trigger when it is “1”. 

Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “O” and at the rise of the 
trigger signal when it is “1”. 

Software trigger is generated by setting the bit in the one- input 

shot start flag corresponding to each timer. : Trigger at the rising edge of TAiny 
Figure 20 shows the bit configuration of the one-shot start input 

flag. Bit 7 of the one-shot start flag must always be “OQ”. 0 - Always “0” in one-shot pulse mode 
As shown in Figure 21, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 

If the contents of the counter is not 0000,.¢, the TAioyr pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. 01 : Select fre 
When the counter reaches 0001;., The TAigyr pin goes “L” 10 : Select fg, 
and count is stopped. The contents of the reload register is 11 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in Fig. 19 Timer Ai mode register bit configuration during 
the timer Ai interrupt control register is set. This is repe- one-shot pulse mode 

ated each time a trigger signal is received. The output 

pulse width is 


Addresses 
Timer AO mode register 5616 


Timer A4 mode register 5Ai6 


: Always “10” in one-shot pulse mode 


: Always “1” in one-shot pulse mode 


: Software trigger 


- Trigger at the falling edge of TAiin 


Clock source selection 


00 : Select f, 


: Select f542 





1 
pulse frequency of the selected clock 





Add 
X (counter’s value at the time of trigger). pee 


If the count start flag is “O”, TAignyy goes “L”. Therefore, the xx One-shot start flag 4246 
value corresponding to the desired pulse width must be 


written to timer Ai before setting the timer Ai count start 
flag. Timer A1 one-shot start flag 


Timer AO one-shot start flag 


As shown in Figure 22, a trigger signal can be received be- Timer A2 one-shot start flag 
fore the operation for the previous trigger signal is com-' 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. be ce 

Except when retriggering while operating, the contents of ie eehleny: aller atese veneration. 
the reload register is not transferred to the counter by trig- 
gering. 

When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 

Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 

When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 

Undefined data is read when timer Ai is read. 


Timer A3 one-shot start flag 


Timer A4 one-shot start flag 





Fig. 20 One-shot start flag bit configuration 
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Selected clock 
source fj 


TAin . 
(in case of the | 


rising edge) 


TAiout | | | | ; 


Example when the contents of the reload register is 0003;, 





Fig. 21. Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAin h | k | 


(in case of the 


a 


Example when the contents of the reload register is 0004,, 





Fig. 22 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 
Figure 23 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 
The pulse width modulator can be started with a software 
trigger or with an input signal from a TAij,y pin (external 
trigger). 

The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAioyur when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAij, pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 

When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. 

Then when the time Ai start flag is set to “1” and a software 
trigger or an external trigger is issued to start modulation, 
the waveform shown in Figure 24 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 








1 
selected clock frequency a 
and the output pulse period is 
1 
X (27-1). 


selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 





order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000,, 
as shown in Figure 25. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5SAi6 


- Always “11” in pulse width modulation 
mode 


- Always “1” in pulse width modulation 
mode 





. Software trigger 


- Trigger at the falling of TAiy input 


- Trigger at the rising of TAi,,y input 


: 16 bit pulse width modulator 


1 : 8 bit pulse width modulator 





Clock source selection bit 
0 0 : Select f2 
01 : Select fie 
10 : Select fea 


1 1 : Select fs42 


Fig. 23. Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 


the period of the generated pulse is ister is m, the duration “H” of pulse is 
1 1 
selected clock frequency X(n +1). . selected clock frequency x(n +1) X m. 
The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the | 


ania Inn rene 1)X(2°—1). 
same as for 16-bit length pulse width modulator except that selected clock frequency (n +1) X( ) 


1/f,X (2'—1) 


canna Ra | 


Selected clock | 


source fj 


TAin 


(in case of the 
rising edge) 


Example when the contents of the reload register is 0003,., 





Fig. 24 16-bit length pulse width modulator output pulse example 


1/fX (n+1)X (28-1) 


Selected clock 
source fj 


Prescaler output 


(when n =2) 


8-bit length pulse 
width modulator 
output 


(when m =2) 





Fig. 25 8-bit length pulse width modulator output pulse example 
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TIMER B 
Figure 26 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. 

(1) Timer mode (00) 

Figure 27 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “0” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection 
¢ Timer 
fo ——O 


fie —O \ width measurement 
fea ——-O 


fs12 ———O 


Polarity selection Event counter 
and edge pulse O 
generator 


TBin C) 


(i=0~2) 


* Pulse period measurement/pulse 


Count start flag 


(40,.) 


As shown in Figure 12, the timer Bi count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000;.. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


“a Data bustodd). 


(Lower 8 bits) (Higher 8 bits) 


Reload register(16) 


1 con 


Counter(16) Timer BO 51ig 5016 


Timer B1 53ig 5246 





Timer B2 5546 5416 


Counter reset 
circuit 





Fig. 26 Timer B block diagram 
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(2) Event counter mode (01) 
Figure 28 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “0”. 
The input signal from the TBijy pin is counted when the 
count start flag is “1” and counting is stopped when it is “0”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “QO” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. . 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode (10) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “O” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. | 
The pulse period measurement mode is selected when bit 
3 is “O”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBin pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 30, when the fall of the input signal from TBiy pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 








Addresses 
Timer BO mode register 5B, 


Timer B1 mode register 5Ci, é 
Timer B2 mode register 5Dj, 


0 0 : Always “00” in timer mode 


Xx X : Not used in timer mode and 
may be any 


X : Not used in timer mode 


Clock source selection bit 
00 : Select f, 


01 : Select fi, 
10 : Select fe, 


11: Select fs15 


Fig. 27 Timer Bi mode register bit configuration during 
timer mode 


Addresses 
Timer BO mode register 5Bi, 


Timer B1 mode register 5C4, 


Timer B2 mode register 5D,, 


0 1 : Always “01” in event counter 


mode 
0 0 : Count at the falling edge of 
input signal 
. Count at the rising edge of 


: tai | 
trips viygitays 

- Count at the both falling edge 
and rising edge of input signal 


xX X : Not used in event counter mode 


Fig. 28 Timer Bi mode register bit configuration during 
event counter mode 








Addresses 
SBy6 





Timer BO mode register 









Timer B1 mode register 5C,, 




















Timer B2 mode register 5D,, 

1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

O01: Count from the rising edge of 
input signal to the next rising one 

1 0 : Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 

Timer Bi overflow flag 

Clock source selection bit 

00 : Select f. 

01 : Select fre 

10 : Select fea 

11 - Select fs142 


Fig. 29 Timer Bi mode register bit configuration during 
pulse period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBi,, pin input signal to the next 
rise or from the rise of the input signal to the next fall as 


shown in Figure 31. 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBijy pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 0000j.. 
This flag is cleared by writing to corresponding timer Bi 
mode register. 


source fj 


| | | 
| 

| | | 
\ | | 
| | | 
| 1 | 
I 1 4 
| i | 
| | | 
| || 


Reload register — counter | | | | 


| | 
| ! 
| | 
| | 


Counter+-0 | | | | 


Count start flag | 

| 
| 
| 


Interrupt request signal To" — ee | | 





| 
| 
| 
| 


Fig. 30 Pulse period measurement mode operation (example of measuring the interval between the falling edge to 


next falling one) 


Selected clock 
source fj 


TBiny 


Reload register ~— Counter xe 


] 
| 
| 
| 


Counter--0 


| 
| 
| 
| 


el 


| 
| 
| 
| 


Count start flag 


I 
| 
| 


Interrupt request signal as | as | | 


Fig. 31 Pulse width measurement mode operation 








oe MRS 


2—383 


MITSUBISHI MICROCOMPUTERS 


M37704M4BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Timer B can detect phase difference by using timer B1 and 
timer BO. The phase detection mode is explained below. 
Figure 32 shows a block diagram of the phase detection 
mode. In the phase detection mode, timer B1 and timer BO 
are used. Set timer B1 to the timer mode and timer BO to 
the pulse. period measurement/pulse width measurement 
mode. For selection of the phase detection mode, set bit 4 
of the timer BO mode register (5B,, address) to “1”. Bit 5 of 
timer BO mode register functions as phase detection flag 
by setting bit 4 to “1”. Figure 33 shows the bit configuration 
of the timer BO mode register and the timer B1 mode regis- 
ter in the phase detection mode. 

Figure 34 shows an example of operation in the phase de- 
tection mode. First, each time the counter of timer B1 is set 
to 0000,, in the timer mode of timer B1, a signal reversing 
polarity is generated as a reference signal. Next an exter- 
nal signal is input from the TBO pin. By setting bit 4 of the 
timer BO mode register to “1”, timer BO measures the pulse 
width of the logical sum (AND) signal of the reference sig- 
nal generated from timer Bi and the external input signal 
from the TBO, pin. The bit 5 (phase detection flag) of the 
timer BO mode register indicates whether the phase of the 
signal from the TBO, pin is ahead or behind with respect to 
the reference signal. The phase detection flag gets the in- 
put level from the TBO, pin at the rising from “L” to “H” of 
the reference signal. “O” of phase detection flag indicates 
that the phase of the input signal from the TBO, pin is be- 
hind with respect to the reference signal. “1” indicates that 
the phase of the input signal from the TBO, pin is ahead 
with respect to the reference signal. 

To detect the phase difference between the reference sig- 
nal and the input signal of the TBO, pin, advance the 
phase of the input signal from the TBO pin with respect to 
the reference signal. In this state, the phase difference be- 
tween the reference signal and the input signal from the 


TBO,y pin can be detected by measuring the pulse width by 
timer BO. 


Address 
Timer BO mode register 5Bi¢ 


: Always “10” in phase 
detection mode 

: Always “10” in phase 
detection mode 

> Always “1” in phase . 
detection mode 


Phase detection flag 


Clock source selection bit 
00 : Select f, 

01 : Select fi, 

10 : Select fea 

11 : Select fs12 


Address 
Timer B1 mode register 5C1, 


00 : Always “00” in phase 
detection mode 

Not used in phase 

detection mode 





Clock source selection bit 


0 0 : Select fo 

01 : Select fig 
10 : Select fgg 
11 : Select f542 


Fig. 33. Timer BO and B1 mode register bit configura- 
tion during phase detection mode 


Phase detection flag (bit 4 of 5B;,. address) 


TBOw input & 


Toggle 


Timer B1 (16) flip-flop 


Fig. 32 Block diagram of phase detection mode 





Phase detection 
' mode bit 


Timer BO measuring pulse 
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Toggle flip-flop 
output by timer B1 
(Reference signal) 


TBOiw input 


med  Ueniewent iemun 


Measuring the pulse | | | . | 
width by timer BO 


“ H” 
Phase detection flag 


Fig. 34 Example operation of the phase detection mode 


Timer function for motor control 
-Three-phase motor drive waveform and pulse motor drive 
waveform can be output using more than one incorporated 
timer A and timer B. The waveform output modes are ex- 
plained below. 


Three-phase motor drive waveform output 
mode (three-phase waveform mode) 

The three-phase waveform mode in which four timers AO, 
A1, A2, and B3 are used is selected when bit 2 of the 
waveform output mode register shown in Figure 35 is set to 
“1” and, bits 1 and O are set to “OQ”. In this mode, bits 3, 4, 
and 5 of the waveform output mode register are insignifi- 
cant because they are ignored. As shown in Figure 36, tim- 
ers AO, A1 and A2 must be set by the respective timer 
mode registers to the rising edge of external trigger signal 
in one-shot pulse mode is valid, and timer B2 must be set 
to the timer mode by the timer B2 mode register. 

Figure 37 shows a block diagram in the three-phase wave- 
form mode. In the three-phase waveform mode, six wave- 
forms, positive waveforms (U phase, V phase, and W 
phase) and negative phase waveforms (U phase, V phase, 
and W phase) are output from ports P55, P5., P53, P52, P5, 
and P5, with “L” level active. Among the timers used in this 
mode, timer A2 controls the waveforms of U and U phases, 
timer A1 controls the waveforms of V and V phases, and 
timer AO controls the waveforms W and W phases, and tim- 


oe RS 


In case the input signal from the TBO, is ahead with respect to the reference signal. 





er B2 controls the period of the one-shot pulse output of 
timers A2, A1 and AO. 

In the waveform output, a short circuit prevention time can 
be set to prevent “L” level of three-phase waveform out- 
puts (U phase, V phase, and W phase) from overlapping 
with “L” level of their negative-phase waveform outputs (U 
phase, V phase, and W phase). The short circuit prevention 
time is set by three eight-bit dead-time timers that share 
the reload register. The dead-time timers operate as one- 
shot timers. The dead-time timers can use both the rising 
and falling edge or only the falling edge of one-shot pulse 
generated by timer A2, A1 or AO as the start trigger. The 
start trigger is selected by the bit 6 of the waveform output 
mode register (62,, address). The start trigger is both the 
rising and falling edge when bit 6 is “O” and only the falling 
edge when bit 6 is “1”. 

When a value is written to the dead-time timer (631. 
address), it is written to the reload register shared by the 
three dead-time timers. The dead-time timer puts the value 
of the reload register in the counter when the start trigger 
arrives from the corresponding timers, and decrements the 
count in f, (signal with source oscillation frequency divided 
by 2). This timer can accept the trigger again before com- 
pletion of operation by the preceding trigger. In this case, 
after the contents of the reload register is transferred to the 
dead-time timer by the trigger, the value is decrement. 
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The dead-time timer operates as a one-shot pulse timer. 
When a trigger arrives, the dead-time timer starts pulse 
output, and when the value of the timer reaches 00g, it ter- 
minates pulse output, stops operation, and waits for the 
next trigger. 

The output polarity of three-phase waveform depends on 
the output polarity setting toggle flip-flops. When the con- 
tents of the output polarity toggle flip-flops is “O”, the posi- 
tive phase waveform is output at “H” level, and when “1”, it 
is output at “L” level (three-phase waveform is output using 
negative logic). 

The output polarity setting toggle flip-flops each have out- 
put polarity setting buffers shown in Figure 38. When the 
contents of timer B2 counter reaches 0000.6, the contents 
of output polarity setting buffers is set in the output polarity 
setting toggle flip-flops. After this, the output polarity setting 
toggle flip-flops have polarity reversed for each termination 
of one-shot pulse of timer (timer A2, A1 or AO) correspond- 
ing to each phase. 


Address 


Waveform output mode register 6246 


Waveform output selection bit 

0 0 0 : Parallel port 

001 : RTP1 selected 

0 1 0 : RTPO selected 

0 11 : RTP1 and RTPO selected 

1 0 0 : Three-phase waveform mode 


Polarity selection bit 
0 : Positive polarity 
1 : Negative polarity 


Pulse width modulation selection bit by 
timer A1 

0 : Not modulated 

1 = Modulated 


Pulse width modulation selection bit by 

timer A3 

0 : Not modulated 

1 : Modulated 

Dead-time timer trigger selection bit 

0 : Both edge of one-shot pulse 

1 : Only the falling edge of one-shot 
pulse 

Waveform output control bit 

0 : Waveform output inhibited 

] ! Waveform output enabled 


Fig. 35 Waveform output mode register bit configura- 
tion 





An example of U phase waveform is shown in Figure 39 to 
explain waveform output operation. Writing “O” to the U 
phase waveform start level setting bit (bit 1 of 6414.6 
address) and actuating timer B2 makes the three-phase 
waveform mode effective. When the contents of timer B2 
counter reaches 0000¢, timer A2 starts one-shot pulse out- 
put. At this time, the contents (“0” in this case) of U phase 
output polarity setting buffer is set in the output polarity set- 
ting toggle flip-flop 2. At termination of one-shot pulse out- 
put of timer A2, the contents of the output polarity setting 
toggle flip-flop 2 changes from “O” to “1” and a one-shot 
pulse of the eight-bit dead-time timer is output to set a 
time so that the “L” level of U phase waveform and U 
phase waveform with the negative phase of U phase wave- 
form does not overlap. 


Address 

Timer AO mode register 564. 
ime A1 mode register 574. 
Timer A2 mode register 5846 


Always “10” in three-phase — 
waveform mode 


Always “0111” in three-phase 
waveform mode : 


Clock source selection bit 
00 : Select f. 
01 : Select fig 
10 : Select fe, 


1 1 : Select fs12 


Address 
Timer B2 mode register 5Di6 


Always “00” in three-phase 
waveform mode 


Not used in three-phase 
waveform mode 


Clock source selection bit 
00 : Select f. 

01 : Select fie 

10 : Select fes 

11 ° Select fs12 





Fig. 36 Timer AO, A1, A2 mode register and timer B2 
mode register bit configuration 
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bit 7 









~~ a | — 4 
T Timer A2 T Dead-time timer 8 P 


(One-shot pulse 


output mode) a = 
rT 4a 


Bit 1 of 6416 ae Output polarity 


address setting toggle 
flip-flops 2 










T Timer A1 


(One-shot pulse 
output mode) 








Output polarity 
setting toggle 
flip-flops 1 


T Timer AO T Dead-time timer (8) 
(One-shot pulse a 
output mode) | fo 
def 
Bit 3 of a me: Output polarity 


address setting toggle 
flip-flops 0 









() U (P55) 


C) V (P5,) 


() W (P53) 


&. U (P5p) 


C) Vv (PS) 


C) W (P5o) 
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The U phase waveform output that began at “H” level re- 


mains at “H” level until termination of the one-shot pulse 
output of the dead-time timer, even when the contents of 
the output polarity setting toggle flip-flop 2 changes from 
“0” to “1” due to one-shot pulse output of timer A2. At ter- 
mination of the one-shot pulse output of the dead-time tim- 
er, “1” of the output polarity setting toggle flip-flop 2 
already reversed becomes effective and the U-phase 
waveform changes to “L” level. Next write “1” again to the 
U-phase output polarity setting buffer (bit 1 of 644. 
address) before the counter of timer B2 reaches 000046. 
When the counter of timer B2 reaches 0000;., the one-shot 
pulse output of timer B2 begins to operate. At the same 
time, “1” written to the U-phase output polarity setting buf- 
fer is set in the output polarity setting toggle flip-flop 2 and 
the U-phase waveform output remains at “L” level. At ter- 
mination of the one-shot pulse output of timer A2, the con- 
tents of the output polarity setting toggle flip-flop 2 changes 


from “1” to “O” and the one-shot pulse output of the dead- | 


time timer begins to operate. The U-phase waveform out- 
put, when the contents of the output polarity setting toggle 
flip-flop changes from “1” to “0”, changes form “L” to “H” 
without waiting for termination of the one-shot pulse output 
of the dead-time timer. 

U-phase waveform is generated by repeating the above 
operation. U-phase waveform with the negative phase of U- 
phase waveform is generated in the same way as U-phase 
waveform, except that the signal contents of the output 
polarity setting toggle flip-flop 2 is the very reverse of that 
in U-phase waveform. In this way, U-phase waveform and 
U-phase waveform with the negative phase are generated 
from the pins so that the “L” level does not overlap. 


when timer B 





Address 
6446 


Pulse output 
data register 1 
V-phase output polarity 
setting buffers 
0 : “H” output 
1° “L” output 


U-phase output polarity 
setting buffers 
0 : “H” output 
1: “L” output 


Not used in three-phase 
waveform mode 


Pulse output Address 
data register 0 6546 


Not used in three-phase 
waveform mode 
W-phase output polarity 
setting buffers 

0 : “H” output 

1 : “L” output 


Fig. 38 Pulse output data register 0, 1 in three-phase 
waveform mode 


The width of “L” level can be changed by changing the 
value of timer B2 and the value of timer A2. This technique 
for generating waveforms with “L” level not overlapping is 
also applicable to V phase, W phase, and their negative 
phases, V phase and W phase, by using corresponding 
timers. 

The above explanation is for an example of generating 
three-phase waveform by the triangular wave modulation 
(called double edge modulation) , but three-phase wave- 
form by the saw-tooth-wave modulation (called signal edge 
modulation) can also be generated by fixing the start level 
of each phase. 


Output signal at each time | | | | | | | | 
2 , 
reaches 0000i¢ 


| | 


One-shot pulse output 
by timer A2 


| 
| 


The contents of the 


Reversed pulse output signal | 


| 


output polarity setting toggle 
flip-flop 2 | 


by dead-time timer aed = : a ; —_—« ¥ Tq [ 


U-phase 
waveform output 


U-phase 
waveform output 





Fig. 39 Example of U-phase waveform output (three-phase waveform by triangular wave modulation) 





2—388 


¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37704M4BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





Three-phase waveforms (U phase, V phase, and W phase) 
generated in this way and their negative-phase waveforms 
(U phase, V phase, and W phase) are output from each 
port by setting the waveform output control bit (bit 7) of the 
waveform output mode register to “1”. Setting this bit to “0” 
places a port into floating states. This bit can be set to “0” 
by instructions, by inputting a falling edge to the INT, input 
pin of external interrupt, or reset. 


Pulse output port mode 

Figure 40 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 
bit (bit 0, bit 1, bit 2) of waveform output mode register 
(62,, address) shown in Figure 35. When bit 2 of waveform 
output selection bit is set to “O” and bit 0 is set to “1”, ports 
P69, P5g, P5; and P5, are used as pulse output ports (RTP1 
selected), and when bit 2 of waveform output selection bit 
is set to “O” and bit 1 is set to “1”, ports P53, P5., P5,, and 
P5, are used as pulse output ports (RTPO selected). When 


Pulse width modulation selection bit 
(Bit 4, 5 of 62, address) 


Pulse width modulation output 
by timer A3 


Pulse width modulation output 
| by timer A1 >. 0 


Pulse output data 
register 1 (64,¢ address) d 


O 
rm) 


2 


Pulse output data 
register 0 (65;. address) 


Fig. 40 Block diagram for pulse output port mode 
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bit 2 of waveform output selection bits is set to “O” and bits 
1 and O are set to “1”, ports P65, P5¢, P5;, and P5,, and 
ports P53, P52, P5, and P59 are used as pulse output ports 
(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/output. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 41 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. 

Data can be set in each bit of the pulse output data regis- 
ter corresponding to four ports selected as pulse output 
ports. Figure 42 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64,. address) correspond- 
ing to ports P69, P5g, P5; and P5, is output to the ports 
each time the counter of timer A2 becomes 000015. The 
contents of the pulse output data register 0 (low-order four 
bits of 65;, address) corresponding to ports P53, P52, P5;, 
and P5p is output to the ports each time the counter of tim- 
er AO becomes 0000;.. 


Waveform output control bit 
(Bit 7 of 62;, address) 


Mey pa 


Reset 7 > 


©) P6, (RTP1) 
() P5g (RTP15) 


C) P5, (RTP1,) 


( ) P54 (RTP19) 


C) P53 (RTPOs) 
() P52 (RTPO,) 
C) P5, (RTPO,) 
( ) P5o (RTPOo) 


Polarity selection bit 
(Bit 3 of 6216 address) 
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When “0” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000;., and when “1” is written, “H” level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 


output port when the counter of the corresponding timer 


becomes 00006. 

Ports P6o, P5., P5; and P5, are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports P53, P52, P5; and P59 are applied pulse width mod- 
ulation by timer A1 by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

The contents of the pulse output data register 0 can be re- 
versed and output to pulse output ports P53, P52, P5, and 
P59 by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is “0”, 
the contents of the pulse output data register 0 is output 
unchangeably, and when “1”, the contents of the pulse out- 
put data register 0 is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 

Figure 43 shows example of waveforms in pulse output port 
mode. 

Ports selecting the pulse output port mode can control out- 
put as in the three-phase waveform mode by the waveform 
output control bit (bit 7) of the waveform output mode reg- 
ister (62,, address). 

When the waveform output control bit is set to “1”, a wave- 
form is output from the port. When this bit is set to “0”, 
waveform output from the port is stopped and the port is 
placed in floating state. 

This bit can be set to “0” by instructions, by inputting a fall- 
ing edge to the INTo pin, or reset. 








Address 


(aes AO mode register i. 


Timer A2 mode register 5816 


Always “100” in pulse output 
port mode 


Not used in pulse output port mode 
Always “00” in pulse output port mode 


Clock source selection bit 


0 0 : Select f, 
01 : Select fig 
10 : Select fs 
1 1 : Select fs12 


Fig. 41 Timer AO, A2 mode register bit configuration in 


pulse output port mode 


| Address 


Pulse output data register 1 6416 


Pulse output data bit of port P5, 
Pulse output data bit of port P5s 
Pulse output data bit of port P5d¢ 


Pulse output data bit of port P6, 


. Address 
Pulse output data register 0 6546 


Pulse output data bit of port P5p 


Pulse output data bit of port P5, 


Pulse output data bit of port P5. 
Pulse output data bit of port P5, 


Fig. 42 Pulse output data register bit configuration 
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Example of pulse output port (port P6o, P5g, P5s, P5,) 
Output signal at each time 


when timer A2 becomes 0000;.. fl l] fl fl fl fl 


Port P65 | | 

Port P5¢ | | 
Port P55 | | 

Port PS, | . | 


Example of pulse output port (port P6o, P5.¢, P5;, P54) when pulse width modulation is applied by timer A3. 


Output signal at each time 


when timer A2 becomes Se | ee | SR | MR | | I | OS | US | 


Port P6 LLL UL 

Port P5g¢ ULL LL 

Port P55 UUW 
Port P5, | | | | | | | | | 


Example of pulse output port (port P53~P5 9) when pulse width modulation is applied 
by timer A1 with polarity selection bit="1”. 


Output signal at each time 


when timer AO becomes 0000, Nl fl fl fl il fl ] fl 


Port P53 HULU | 

Port P52 LU UU 

Port P5, U LU UU UU 

baie UU UU UU 


Fig. 43. Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

Two independent serial I/O ports are provided. Figure 44 
shows a block diagram of the serial I/O ports. 

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive 
mode register shown in Figure 45 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (UART) serial |/O port us- 


ing start and stop bits. 

Figures 46 and 47 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 48 shows the bit configuration of the UARTIi transmit/ 
receive control register. 

Each communication method is described below. 


Data bus(odd) 


Data bus(even) 





RxDj 








1/16 Divide 


Bit rate 
generator 


Clock source selection 
UART0(3146) 







1/16 Divider 










fo =) 
f UART1( 39,6) Clock synchronous 
i. i Internal Clock synchronous 
esas (internal clock) 
Vint = J 
1512 —o 0 t Bilder 
External Clock synchronous 
(Internal clock) 
cLki 4 
CTSi/RTSi 
NY 


Fig. 44 Serial I/O port block diagram 


Clock synchronous -© 


O 
Clock synchronous 


oToT010] 010] 0 be, |b. [b,[b.|Jb.[5,ba Receive buffer register 


UART0(3716, 3646) 
UART1(3F 16, 3E;,) 


Receive register 


Receive clock 


UART receive 
ae 


Receive 
control 
circuit 


UART transmission 


Transmission]| »ransmission clock 
Icontrol circuit 
Transmission register 





TxDj 









(External clock) ins 
Transmission 


De[D7]De]D5)D.[Ds[D2|D [Do buffer register 


UART0(33;6, 3216) 
UART1(3By6, 3Ai6) 











Data bus 
(odd) 


Data bus(even) 


Addresses 


UART 0 Transmit/Receive mode register 
UART 1 Transmit/Receive mode register 
ial communication method selection bit 

: Parallel port 

: Clock synchronous 

: 7-bit UART 

8-bit UART 

110 : 9-bit UART 


Internal clock/External clock selection bit 
0 : Internal clock 
1] : External clock 


Se 
0 
0 
1 
1 











eee re bit length selection bit 
ee 


- 1 stop bit 
1 2 2 stop bits 
~Even/QOdd parity selection bit 
0 : Odd parity 
1 : Even parity 
Parity enable selection bit 
0 : No parity 
1: With parity 
Sleep selection bit 
0 : No sleep 
1 : Sleep 

















30:6 
a 


Fig. 45 UART i Transmit/Receive mode register bit configuration 
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Data bus(odd) — - 


- Data bus(even) 


Receive buff 
Scie ee eee ee we Po To [os Tm [oT mT oT & Sregister 


54d e ; imi Fi Receive 


2 stop bit Parity 


Stop fo 
bit 


1 stop bit 


register 





Synchronous 


Synchronous 





Fig. 46 Receiver block diagram 


Data busloda) 


Data bus(even). 


| De mietate etetere butter register 


2 stop bit . i i 
: 7 bit 2 
wn Stop Stop Oy ee dy i > 
0 bit bit 


QNo 0 


parity 
Transmission register 
1 stop bit Synchronous 


ae 6 i 





Fig. 47 Transmitter block diagram 


Addresses 
Pee 0 Transmit/Receive control register0 3416 


UART 1 Transmit/Receive control register0 — 3Cig 


Clock source selection bit 
00 : Select f, 


01 : Select fi, 
10 : Select fe, 
11 : Select fs51. 


CTS, RTS Selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


Addresses 
fe 0 Transmit/Receive control register 1 3516 | 


UART 1 Transmit/Receive control register 1 3Di6 
Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
Receive completion flag 


- Overrun error flag 
Framing error flag 
Parity error flag 
Error sum flag 





Fig. 48 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial |/O ports as shown in Figure 49 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit 0 of the UARTj transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to “O” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “OQ”. 

The clock source is selected by bit 0 (CS,) and bit 1 
(CS,) of the clock sending side UART] transmit/receive 
control register 0. As shown in Figure 44, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmission clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ { (n +1) x2} 


On the clock receiving side, the CS, and CS, bits of the 


UARTK transmit/receive control register 0 are ignored be- | 


cause an external clock is selected. 

The bit 2 of the clock sending side UART]j transmit/receive 
control register 0 is clear to “O” to select CTS; input. The 
bit 2 of the clock receiving side is set to “1” to select RTSk 
output. CTS, and RTS signals are described later. 





Transmission 

Transmission is started when the bit 0 (TEj flag) of UART| 
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of 
one is “0”, and CTSj input is “L”’. As shown in Figure 50, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. , 
When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 





fied. If the bit 2 of UARTj transmit/receive control register 0 © 


is “1”, CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 
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mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tj 
flag, and CTSj is checked while the Tenoj signal shown in 
Figure 50 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj signal goes as hase 

The bit 3 (TxEPTYj flag) of UART} transmit/receive control 
register 0 changes to “1” at the next cycle after the TENDj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UART] transmission interrupt control regis- 
ter is set to “1”. 


Receive : 

Receive starts when the bit 2 (RE flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the RE, flag is “O” and goes 
“L” when the REk flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is “L”. 

The data from the RxDx pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rik 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rlk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTS} output goes “L” to indicate that the next 
data can be received. When the Rlk flag changes from “Q” 
to “1”, the interrupt request bit in the UARTk receive inter- 
rupt control register is set to “1”. Bit 4 (OERk flag) of 
UART, transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rik flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER, flags are cleared automatically to “O” when | 
the low-order byte of the receive buffer register is read. 
The OER k flag is also cleared when the REx flag is 
cleared. Bit 5 (FER, flag), bit 6 (PER, flag), and bit 7 
(SUM flag) are ignored in clock synchronous mode. 

As shown in Figure 44, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UART}. | 
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UART} transmission register UART transmission register 
UART} ee pinerteciatek UART transmission buffer register 


UART} receive buffer register UART, receive buffer register 
UART; receive register UART, receive register 


UART}; Transmit/Receive mode register 


UARTk Transmit/Receive mode register 


jofx |x] xfo}olo] i fx] xfx} fo fot 


UART; Transmit/Receive control 


UART, Transmit/Receive control 


register 0 register 0 


PDD er] 0 fosies} fp | BOoixtent Phx) 


UART; Transmit/Receive control 


UART, Transmit/Receive control 


register | register 1 
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Fig. 49 Clock synchronous serial communication 


Transmission 
clock 


TE; 
Aj 
CTS; 
CLKj 
TENDj 
TxD; 


_ TXEPTY; 





—>|—f<-1/F)X (n +1) X2 


Write in transmission buffer register Transmission register--Transmission buffer register 


tf WX (+1) X2 Stopped because TEj= “0” 


a ee ee 
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Fig. 50 Clock synchronous serial |/O timing 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. | 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “O”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTIi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKj pin can be used as a 
normal I/O pin. 


—s} fe (1/f, or 1/fext) X (n +1) X16 


Transmission clock 


TE; 


Tij Ay 


Write in transmission buffer regisger 
CTSj 


Tenpi 


Start bit 


TxXEPTY; 


Fig. 51 


Parity bit Stop bit 


Oe STADoXDiXD2KDsXDsXDsXDsXOXPY sp \STADKOXOOKOOKOKOKPY SP 
A 


Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 





The selected internal or external clock is divided by (n+ 1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext, 
Bit Rate =(fj or fexr)/{ (n+1) X16 } 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register «Transmission 


buffer register 


Stopped because TEj= “0” 


ST (DoXD,) 


—>|_ be C1/tf or 1/fexr) KX (n+1) X16 


Transmission clock 


TEj 


Tij 


{i 
Write in transmission buffer register 
Tenoi 


Start bit 


Transmission register+-Transmission 
buffer register 


Stop Bit Stop Bit 


TxD) sTADoXDjXD2XD3KD|KDsKDaXDIKDsY SP SP\STADoKD XDaXDSKD4XDSKXDEXD?ADEY'SP SP 
TxEPTY; | | | | | 


Fig. 52 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger 0 bit 2 is used 
to determine whether to use CTS; input or RTS; output. 
CTSj input is used if bit 2 is “O” and RTSj output is used if 
bit 2 is “1”. 

lf CTS; input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 


Transmission 

Transmission is started when the bit 0 (TEi flag) of UARTj 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “O”, and CTSj input is “L” if CTS; input is selected. As 
shown in Figure 51 and 52, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj; transmit/receive mode register. The data is output 
from the least significant bit. 

The Tlj flag indicates whether the transmission buffer is 
empty or not. It is cleared to “O” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 


fj oF fext 
REj 
RxDj 


Receive 
Clock 


Starting at the falling 
edge of start bit 


Rlj 





When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, Tlj flag, and 
CTSj signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTSj is checked while the Tenpj signal shown in 
Figure 51 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpi signal goes “H”. 

The bit 3 (TxEPTYj flag) of UART; transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpi 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tlj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmissoin interrupt control regis- 
ter is set to “1”. 


Receive 

Receive is enabled when the bit 2 (REj flag) of UART; 
transmit/receive control register 1 is set. As shown in Fi- 
gure 53, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 


Stop bit 


Fig. 53 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTS; output is selected by setting the bit 2 of UART; 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “0”. When the REj flag changes to 
“1”, the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 46. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rij flag indicates that the receive buffer register 
contains data when it is set. If RTS; output is selected, RTS; 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UARTj receive interrupt 
control register is set when the Rlj flag changes from “0” to 
sp like 

The bit 4 (OERj flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1”. In other words when an overrun error occurs. If the 
OER; flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. 

Bit 5 (FER; flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PERj flag) is set when a parity error occurs. 

Bit 7 (SUM; flag) is set when either the OER; flag, FER; 
flag, or the PERj flag is set. Therefore, the SUMj flag can 
be used to determine whether there is an error. 

The setting of the Rlj flag, OERj flag, FER; flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rlj 
OERj, FERj, PER}, and SUMj flags are cleared when the 
low order byte of the receive buffer register is read or 
when the REj flag is cleared. 





Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rlj, OERj, FERj, PERj, and the SUM; flag are 
unchanged. Therefore, the interrupt request bit of the 
UART] receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. | 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 


The A-D converter is an 8-bit successive approximation Address 
converter. A-D control register 1 1Ey6 
Figure 54 shows a block diagram of the A-D converter and Analog input selection bit 
Figure 55 shows the bit configuration of the A-D control 00 0 : Select ANo 

register. The frequency of the A-D converter operating |: Select AN, 

clock ¢ap is selected by the bit 7 of the A-D control regis- : mana fe 

ter. When bit 7 is “O”, ¢?ap is the clock frequency divided by 00 : Select AN, 

8. That is, dap=f(Xiy)/8. When bit 7 is “1”, gap is the clock 01 : Select AN; 
frequency divided by 4 and ¢ap iS=f(Xin)/4. The ¢ap dur- ! : pee aS 

ing A-D conversion must be 250KHz minimum because the A-D operation inode selection bit 


comparator consists of a capacity coupling amplifier. 00 >, One-shot mode 
The operating mode is selected by the bits 3 and 4 of A-D os del dec ae 
1 0 : Single sweep mode 
control register. The available operating modes are one- 1 1! Repeat sweep mode 
shot, repeat, single sweep, and repeat sweep. Trigger selection bit 
The bit of data direction register bit corresponding to the 0 : Software trigger 
A-D converter pin must be “0” (input mode) because the | = ADrna Input trigger 
; ; A-D conversion start flag 
analog input port is shared with port P7. 0 : Stop A-D conversion 
The operation of each mode is described below. 1 : Start A-D conversion 
Frequency selection flag 
0 : Select f(Xiy)/8 


1 : Select f(Xin)/ 4 





Fig. 55 A-D control register bit configuration 


A-D conversion speed selection 


tiny) O : 07 5 


Ladder network 


Addresses A-D male: oa 


1Ei6). 
A-D register 0 (20,6) 
A-D register 1 (22,6) 
A-D register 2 (2446 


Comparator 


Data bus (even) 


Selector 





Fig. 54 A-D converter block diagram 
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(1) One-shot mode (00) 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
aa Hae 

When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢,p cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADrapg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANo to AN, because the 
ADrrg pin is shared with the analog voltage input pin AN;. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. | 

(2) Repeat mode (01) 

The operation of this mode is the same as the operation of 
one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 

(3) Single sweep mode (10) 

In the sweep mode, the number of analog input pins to be 
swept can be selected. Analog input pins are selected by 
bits 1 and 0 of the A-D sweep pin selection register (1Fj, 
address) shown in Figure 56. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANg pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. __ 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. | 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 





terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADrpe in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrre pin is shared with AN; pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D 
conversion. 

(4) Repeat sweep mode (11) 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANo pin 
to the selected pins, but repeats again from the ANo pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 





A-D sweep pin Address 
selection register 1Fi¢ 


0 : ANo, AN, (2 pins) 
> ANo~ANg (4 pins) 

0 : ANo~ANs (6 pins) 

1 : ANo~AN; (8 pins) 


Fig. 56 A-D sweep pin selection register configuration 





2—400 


¢ (MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37704M4BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 57 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fs2) or by 512 (f5,2). Whether to count fg. or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 58. fs;2 is selected when the flag is “0” and 
f32 is selected when it is “1”. The flag is cleared after reset. 
FFF, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. | 

After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fs. or fs;2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFFi. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 9 
in the interrupt section and generating a reset pulse. 

The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 
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Watchdog timer 
frequency selection (connection forced to f32 during 
STP instruction execution) 


Watchdog timer 


2Vcc 
detection 
circuit 


STP instruction 


Address 
Watchdog timer 61ie 
frequency selection 


0 : Select fs;5 


Vs Select f30 


Fig. 58 Watchdog timer frequency selection flag 
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RESET CIRCUIT | 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by 
setting the address pins Ag3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFFi¢, and A7~ Ag to the contents of 
address FFFE4g. 

Figure 59 shows the status of the internal registers when a 
reset occurs. 

Figure 60 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. | 





ao Power on 


M37704M4BXXXFP 





Fig. 60 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


Address 


Port PO data direction register 

Port P1 data direction register 

Port P2 data direction register 

Port P3 data direction register 

Port P4 data direction register 

Port P5 data direction register 

Port P6 data direction register 

Port P7 data direction register 

Port P8 data direction register 

A-D control register 

A-D sweep pin selection register 

UART 0 Transmit/Receive mode register 

UART 1 Transmit/Receive mode register 

UART 0 Transmit/Receive control register 0 
’ UART 1 Transmit/Receive control register 0 

UART 0 Transmit/Receive control register 1 

UART 1 Transmit/Receive control register 1 

Count start flag 

One-shot start flag 

Up-down flag 

Timer AO mode register 

Timer A1 mode register 

Timer A2 mode register 

Timer A3 mode register 

Timer A4 mode register 

Timer BO mode register 

Timer B1 mode register 


Timer B2 mode register 
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Address 
(0416)°*" 
(0516) °*" 
(0846)°-° 
(09,6)°* 
(OC 16) 
(ODi6)-*° 
(1016)°*- 
(1146)°*° 
(1446) --- 
(1Ei6)-* 
(1Fig)* 
(3046) 
(3816)-°° 
(34146) 
(3Ci6)**° 
(3516)°*° 
(3D,6)** 
(4016)°*° 
(4216)°* 
(4416)°* 
(5616)**" 
(5746) 
(5816)°"° 
(5916)° 
(5Ai6)°* 
(5Big)** 
(5C46)°** 
(5Di6)**° 


0046 


XX 0/9/90 


0016 


© 
_ 
o>) 


", 


psd 
|e | 


Bd 


9}o}o}o) 2)” 
WOME 


ES 


2 |lo 
PS 
a for) 


YX 1/0) 
XL 9/010 
9}o}ojojo.+ 
}9}ofojojo)+ 


XIX|9 9} 0/0] 


00:6 


x 
x 


0016 


x 
So So fo) 
= = = 
® ror) o 


Oo000 
Ono00 


. 59 Microcomputer internal status during reset 


Processor mode register 
Watchdog timer 

Watchdog timer frequency selection flag 
Waveform output mode register 
A-D conversion interrupt control register 
UART 0 transmission interrupt control register 
UART 0 receive interrupt control register 
UART 1 transmission interrupt control register 
UART 1 receive interrupt control register 
Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 
Timer A3 interrupt contro! register 
Timer A4 interrupt control register 
Timer BO interrupt control register 
Timer B1 interrupt control register 
Timer B2 interrupt control register 
INT 0 interrupt control register 
INT 1 interrupt control register 
INT 2 interrupt control register 
Processor status register PS | 
Program bank register PG 
Program counter PC, 

Program counter PC, 

Direct page register DPR 


Data bank register DT 


(60,6)°" 


(SE16)*** 


(61i6)°°° 


(6216)°*° 
(7016) °° 
(7416) 
(7216)°"° 
(73y6)**° 
(7446)°"° 


(7546)°°° 


IDI 


FFF 


00:6 


XV 0/00] 
DX 90] 0] 
XD) 90 [0 
DD 0] 0] 
XX 0] 0] 
XXX|0]0 
XX 010 
XX 0] 0] 
XX 0 0| 
YX 9] 0] 
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SII 
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< 
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Content of FFFFi¢ 
Content of FFFE4., 


000016 


Contents of other registers and RAM are not initialized and should be in- 


itialized by software. 
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INPUT/OUTPUT PINS 

Ports P8 to PO all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 61 shows a block diagram of ports P8 to PO in sing- 
le-chip mode and the E pin output. 
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¢ Port POg~PO07, P19p~P17, P29~P27, P89 ~P33, P42~P4, (Inside dotted-line not included) 
Port P49, P4,, P47, P57, P6;~P67, P82, P8. (Inside dotted-line included, but P8., P8, are without hysterisis) 


Data direction 
register 


Port _ ae 







Data bus 


* Port P79>~P7, (Inside dotted-line not included) 
* Port P77 (Inside dotted-line included) 





i 
l 
* Port P83, P8, (Inside dotted-line not included) L———— — -t 


Port P5p>~P5., P6p (Inside dotted-line included) 


Data direction 
register 









* Port P8, P8;, P8., P8s 7 L——~—~- 4 
Data direction 
register 
i = = 





Data bus 


Fig. 61 Block diagram for ports P8 to PO in single-chip mode and the E pin output 
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PROCESSOR MODE 

The bits O and 1 of processor mode register as shown in Fi- 
gure 62 are used to specify single-chip mode. Single-chip 
mode is specified automatically after a reset. 

Figure 63 shows the functions of ports P4 to PO in single- 
chip mode. 

Refer to Figure 1 for the memory map of the single-chip 
mode. 


Port PO 


Port P1 
Poqt P2 


Single-chip mode 

Single-chip mode is entered by connecting the CNV,, pin 
to Vss and starting from reset. Ports P4 to PO all function as 
normal I/O ports. Port P4, can be the ¢, output pin divided 
the clock to Xjy pin by 2 by setting bit 7 of processor mode 
register to “1” 


Address 


Processor mode register 5Ei6 


Processor mode bit 
0 0 : Single-chip mode 
These bits shall be “00”. 


(These are set to “00” after a reset.) 





Fix to “0” 

Software reset bit 

Reset occurs when this bit is set to 1. 
Interrupt priority resolusion time 
selection bit 

00 : Select 1/f(Xin) X14 

01 : Select 1/f(Xy) X 8 

1 0 : Select 1/f(Xin) X 4 


Port P3 


Port P4 


Test mode bit 
This bit must be “0”. 


Clock ¢, output selection bit 


0 : No ¢, output 


1: $4 output 





Fig. 62 Processor mode register bit configulation 


P1, 
i 1/O Port 
Ply 


. , | | 


P2, 
4 I/O Port 
P2, 


E 7 [ 
P33 

3 
P35 


a Sees 
P4, 

: 

P4, 


* When processor mode 
register bit 7 = “0” 


P4, | d, | | | | | 


Same as above except P4, 


* When processor mode register 
bit 7 = “1” 





Fig.63 Ports P4 to PO functions in single-chip mode 
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CLOCK GENERATING CIRCUIT 

Figure 64 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFi¢ is 
written to watchdog timer and the watchdog timer input 
connection is forced to fs.. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock @remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 

The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 65 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 66 shows an example of 
using an external clock signal. 


Interrupt request 


STP instruction 


Internal clock ¢ 


Fig. 64 Block diagram of a clock generator 











M37704M4BXXXFP 


Fig.65 Circuit using a ceramic resonator 


M37704M4BXXXFP 


Reset 


R STP instruction 


Watchdog 
timer 
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ADDRESSING MODES 

The M37704M4BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37704M4BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37704M4BXXXFP mask ROM order confirmation form 
(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS | 7 
















































































Input voltage RESET, CNVss, BYTE 
Input voltage POg~P07, P19~P17, P29~P27, P3p~P3s, 
P49~P47, P5p~P57, P6g~P67, P79 ~P77, —0. 3~Vec +0. 3 
. P89~ P87, Veer, Xin 
Output voltage PQg~P07, Plo~P17, P29~P27, P389~P3s3, 
Vo P4o~P47, P5p~P57, P6g~ P67, P7o~P77, —0. 3~Voeco+0. 3 V 
| Pq | Power dissipation 
Operating temperature —20~85 
Storage temperature —40~150 


RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—20~85, unless otherwise noted) 


Symbol Parameter 

p sims | raamete Typ. 
Vec Supply voltage 4.5 : : 
AVcc Analog supply voltage 


AVss Analog supply voltage 
High-level input voltage PQ9~P07, Plp~P17, P29~P27, 
P39~P33, P4g~P47, P5o~ P57, 
P69~P67, P79~P77, P89~P8,, 
Xin, RESET, CNVss, BYTE 
Low-level input voltage POgp~P07, Pip ~P17, P29~P27, 
P39~P33, P4g~P47, P5o~ P57, 
P69~P67, P79>~P77, P89~ P87, 
Xin, RESET, CNVgs, BYTE 
High-level peak output current POg~P07, Plg~P17, P29~P27, 
loH( peak) P39~P33, P4g~P47, Pop~P57, 
P69~P67, P7>~P77, P89~P87 
High-level average output current POp~P07, Plg~P17, P29~P27, 
loH(avg) P39~P33, P49~P47, P5o~P5z, 
P69~P67, P79~P77, P89~P87 




















Low-level peak output current POg~P07, Plg~P17, P29~P27, 


loi(peak) P39~P33, P4o~P4z7, P5g, P57, 
P69~ P67, P79~P77, P8o~ P87 


Low-level peak output current P5p~P55 


Low-level average output current POg~P07, Plo~P17, P29~P2z, 
lov(avg) P39~ P33, P49~ P47, P5z, P57, 
P69~P67, P7p>~P77, P89~P87 

Low-level average output current P5g~P5s 


f(Xin) External clock frequency input 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo. (peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=O0V, Ta=25°C, f(Xiny)=25MHz, unless otherwise noted) 


Parameter 





VoL 


High-level output voltage POg~P07, Pl9o~P17, P2o~P27, 
P39, P31, P33, P49~P4z, 
P5o~ P57, P6gp~ P67, P7o~ P77, 
P8o~ P87 

High-level output voltage P3, 

High-level output voltage E 

Low-level output voltage POo~P0O7, Plp~P17, P20~P27, 
P30, P31, P33, P49~P 47, 
P5¢, P57, P6g~P67, P7o~P77, 
P8y~ P87 





Low-level output voltage P5o~P5s5 





Low-level output voltage P32 


lop =10mA 





Low-level output voltage E 


Test conditions 





lon=— 1O0mA 


lox=— 10mA 
lonx=—1 OmA 


lop =10mA 


lor =20mA 





lop =10mA 


Limits 











Hysteresis TAOin~TA4in, TBO w~TB2in, INTo~INTo, 
ADtrc, CTSo, CTS;, CLKo, CLK; 





Hysteresis RESET 

Hysteresis Xin 

High-level input current POg~P07, P19~P17, P29~P27, 
P3o9~ P33, P49~P47, P5o~ P57, 
P60~ P67, P7o~ P77, P89~ P87, 
Xin, RESET, CNVgs, BYTE 











Low-level input current POg~P07, Plo~P17, P2o~P27, 
P39~ P33, P4o~ P4,, P50~ P5,, 
P69~P67, P7o~P77, P80~ P87, 
Xin, RESET, CNVgs, BYTE 








RAM hold voltage 





Power supply current 








V,=0V 




















in single-chip mode 
output only pin is 

open and other pins 
are Vsg during reset. 


When clock is stopped. 

f(Xin.) =25MHz, 
square waveform 
Ta=25C when clock 
is stopped. 


Reference voltage 





Ta==85°C when clock 
is stopped. 


Test conditions 


























Vrer= Voc 


Vrer= Voc 





Vaer= Voc 














Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xiy)=25MHz, unless otherwise noted) 
External clock input | 


Symbol Parameter 






Limits 








ns _| 
ns _| 
ns | 
ns | 
__ns_| 


ot | ant 
o;o 








Single-chip mode 














Limits 











Parameter Unit 






Port P1 input setup time 
Port P1 input hold time 


tsu(PpoD—e) Port PO input setup time 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 
tc(Ta) TAin input cycle time 

















TAiwy input high-level pulse width 
TAiiy input low-level pulse width | 
Timer A input (Gating input in timer mode) 


Symbol Parameter 
tc(Ta) TAin input cycle time 


tw(TaH) TAiin input high-level pulse width 
tw(TAL) TAiin input low-level pulsé width 
Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 
to(tTa) TAiin input cycle time 









































Timer A input (External trigger input in pulse width modulation mode) 


tw (TAH) TAiin input high-level pulse width 
tw(TAL) TAiin input low-level pulse width 


Timer A input (Up-down input in event counter mode) 














Parameter 

















tc( uP) TAiout input cycle time 























twcuPH) TAiout input high-level pulse width 
aa E 














tw(uPL) TAiout input low-level pulse width 


tsu(uP-T) TAiour input setup time 






































TAiout input hold time 
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Timer B input (Count input in event counter mode) 


Symbol 


TBiiy input cycle time (one edge count) : 
twcron) | TBin input high-level pulse width (one edge count) ——SsSC~=“*~*‘“‘“*S*~*~<“<~*~‘~é‘“SCSASES is 
tere.) | TBin input low-level pulse width (one edge count) —=Ss=“‘*‘“‘*‘“‘“‘C;™S™S!CC~*dSCACTT os 
Mtocrsy | TBin input oycie time (both edges count) SCSC=“‘*SCS*™S™*™*™*™*S*™*™*™C™C™C~C~C~™~C~C~*dC STs 
TBi,y input high-level pulse width (both edges count) | 80 | =| ons | 

| 80 | ns 


TBij input low-level pulse width (both edges count) 






Parameter 



















Timer B input (Pulse period measurement mode) 


Symbol Parameter Unit 


a Twin. [wax 
ease ee 
} —* 











TBijy input high-level pulse width 160 
TBin input low-level pulse width 
Timer B input (Pulse width measurement mode) 


TBijy input high-level pulse width Ei mer 
TBiyy input low-level pulse width ae 



















A-D trigger input 


Limits 


ADsrg input cycle time (minimum allowable trigger) 1000 | Tons 
ADrre input low-level pulse width | 125) | ons 



















Serial I/O 


CLK; input cycle time 200 P| 
CLKj input high-level pulse width | too | | 
i too | 














: 

tacoma) | TxD, autput delay ime (Nowe 1) —SSCSCSC~—~“~S~—~—“—~S~—“~*~*SsS*~S~SsSsSSSSYTC*dS 
LS 
teu) | PeD input setuptine———SSSSSCSCSCS~—~SSCS ds 
TD PRET 






External interrupt INTj input 


INT; input high-level pulse width 
INT; input low-level pulse width 








gia : ¢ MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


M37704M4BXXXFP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time 
Port P3 data output delay time 
Port P4 data output delay time 
Port P5 data output delay time 








Fig. 67 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 


Single-chip mode 


(Xin) 


mi 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output | 


Port P3 input 
Port P4 output 
Port P4 input 
Port PS output 
Port P5 input 
Port P6 output 
Port P6 inpui 
Port P7 output 
Port P7 input 
Port P8 output 
Port P8 input 


by 


2—414 


tr 


tf 


tc | 
lal ae nw, Ga 


a td(e—poa) 
dL X 
aie th(e—Pop) 
td(e—P1q) 
aD, 
v1 th(e—P1p) 
s td(e—p2q) 
i th(e—Pep) 
ia td(e—P3q) 
«|X 
ere thie—Psp) 


td(e—pag) 
pO 
> thie—P4p) 


Py td(e—psa) 
an th(e—psp) 
A td(eE—Pea) 
7 td(e~p7a) 

tsu(p70—e) 
ya thie—pP7p) 


ney td(e—psa) 
| CX 
tsu(psp—e) = 
| th(e—psp) 


el ia 


td(e—4,) tdie—4,) 
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to(Ta) 


TAiin input 


TAiour input 





tw(ueL) 


4 
a 


TAiout input 
(Up-down input) 


In Event counter mode 


TAiin input 


(When count by falling) thi ty—up)|tsu(uP—ty) 


TAiin input 
(When count by rising) 


te(1B) 





TBin input 








te(ap) 

teick) 
CLKi 

tsu(p—c) thic—p) 
a AREA 
RxDi 
tw(iNL) 

INTi input 


twine) 


Test conditions 

: Vec= 5 V+1 0% 

- Input timing voltage * V\_=1. OV, Viy=4. OV 

* Output timing voltage * Vo_=0. 8V, Von=2. OV 
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DESCRIPTION 

The M37704M3BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has three instruction queue buf- 
fers, and two data buffers for high-speed instruction execu- 
tion. The CPU is a 16-bit parallel processor that can also 
be switched to perform 8-bit parallel processing. This mic- 
rocomputer is suitable for office, business, and industrial 
equipment controller that require high-speed processing of 
large data. 

Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 

The M37704M3BXXXFP has the same functions as the 
M37704M4BXXXFP except for the ROM size. 

Internal ROM area is in addresses 80001, to FFFF¢ for the 
M37704M4BXXXFP, and in addresses AQ000,, to FFFF,. for 
the M37704M3BXXXFP. 

The M37704M3BXXXFP operates only in the single-chip 
mode. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Sis fears ere le WV. .W.9 else ese elece, see 65-6:o-8 eee 6 103 
@ Memory size 10) \\ eee 24K bytes 
RAM cocccccccc cc eceee eee seeeeeseeers 1024 bytes 

® Instruction execution time 
The fastest instruction at 25 MHz frequency --::-:-- 160ns 
®@ Single power EST] 0) ¢) | Sc 5V+10% 


@ Low power dissipation (at 25 MHz frequency) 


pihisieals SES seated diate.des 95mW (Typ.) 

bpm Tmt He | ©) i ca eae cee ee 19 types 7 levels 
@ Multiple function 16-bit timer ----1 ree 53 

(Three-phase motor drive waveform or pulse motor 

drive waveform can be output.) 
@ UART (may also be synchronous) MOUMAWR Ease eSeeher we Sree eee 2 
@ 8-bit A-D Converter sor rrr 8-channel inputs © 
@® 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) <tr 68 
APPLICATION 


Control devices for equipment that requires motor control 
such as inverter type air conditioners and general purpose 
inverters | 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


PIN CONFIGURATION (TOP VIEW) 


> P72/AN> 
<> P73/AN3 

— P74/AN4 

> P75/ANs 

_- P77/AN7/ADtre 
+> P8,/CLKg 


+> P7.5/ANg6 
1B1<> P85/CTSo/RTSo 


3] 


B] <> P7,/AN; 
Elna P82/RxDo 
aI +> P83/TxDo 


Ea 
a | 
1S] 
3 | 
Ea 
1 


64] <> P8,/CTS,/RTS, 
63] <> P8./CLK, 
+> P8&_/R,D; 
61] «> P87/TxD, 


P7y/ANo «> a 
P67/TB2,y >| 2| 


P6;/TBOy +> (4, 
P6,/INT> +* [5 


P6o/TAdoyr/RTP1 +> Lo 


PSq/TASqur/RTPI, +» [ii 
PSe/TA2iy/U/RTP1, <> 
P5,/TA2gyr/V/RTPA, +> [isl 
P5a/TAl y/W/RTPO, «> (i 
PSa/TAtoyr/U/RTPO, +» [15 
P54/TA0)y/V/RTPO, +> [16 
PSo/TAQouT/W/RTP0y +> 


dAXXXEEWPOLZEW 


Outline 80P6N-A 





THE FUNCTIONS AND CHARACTERISTICS 
The M37704M3BXXXFP has the same functions and char- 
acteristics as the M37704M4BXXXFP except for the ROM 
size. Refer to the section on the M37704M4BXXXFP. 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using micro- 
computer. 
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M37704M3BXXXFP BLOCK DIAGRAM! Reference Bus width 


Clock input Clock output Enable output Reset input oe a voltage input selection input 
Xin Xour E RESET Vaer BYTE 
30) 





Clock Generating Circuit 


Instruction Register (8) 
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M37705 GROUP — 


The M37705 group has an enhanced timer function for motor 


control, and a general purpose microcomputer. 
This group can output the following : 


@6-phase PWM waveform 
@4-phase pulse motor waveform from 2 channels 


Accordingly, this group is suitable for control of AC induction 
motor, pulse motor, and so on. 

The M37705 group is housed in a 64-pin SDIP with the 
M37704’s function. Pin numbers of the M37705 group are cut 
off from the M37704 group, so that its functions are some 
differences from the M37704 group. Confirm the differences 
on the following pages. 


FEATURES 
@Motor control function 
Ability to output 3-phase waveform ( the sum of positive 
and negative waveforms is 6 ) for AC motor drive 
*Dead-time timer built-in 
*Ability to use 4 pins X 2 channels as pulse output ports for 
pulse motor drive 
@Phase difference detection function 
@Choice of wide operating temperature range (“E” version) 
@Choice of external clock frequency : 16MHz; 25MHz ver- 
sions for all types 
@Available one time PROM version and windowed EPROM 
version 
@Peripheral functions 


WHO) DOM sc sdrcscian ei saadlindeladensacsdencse nouns Re aeare nace nda oss aambas 53 
SUMGMUDE 3c sasieahonshctondiaccavptactonaxesssearaunss ox 16 types,7 levels 
eMultiple function 16-bit timer... ceeseeeeeeeeeees 54+3 
Serial I/O ( ASYNCHFONOUS)...........cceeeeeececeeeeseesneeteteeteeeens 1 
eB-bit A-D converter ooo ccclicsseseeeceees 8-channel inputs 


°12-bit watchdog timer 


Type name 


Represent MELPS 7700 


M37705 group expansion 


+ Memory (Byte) ¢ Supply Vol. 
identification [ROM|RAM | A | 
Mask 512 
ROM 24K 


| @ | 
cal 
[ms770sme | 2k [1024 | — 
One 
: 
PROM 


ROM |Group name 




















64-pin 
SDIP 
(64P4B) 














M37705E2 | 16K | 512 
32K | 1024 


M37705E4 


Windowed 
EPROM} M37705E2 | 16K | 512 
Note 





— 


External M37705Ss1 | — | 512 64-pin SDIP 
ROM 64P4B 
@ Now 

APPLICATION 


Control devices such as Inverter type air conditioner, General 
purpose inverter, Industrial sewing machine, Washing ma- 
chine. 


Note 1. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 

2. Supply voltage of the wide operating temperature 
range’s one time PROM version with M37705E2 is 
4.75V—5.25V. 

3. The external clock input frequency 25MHz version oper- 
ates only in the single-chip mode. 


*% About PROM version, refer to “Chapter 3 PROM VER- 
SION”. | 


Package type 


/ M377 05 M 2 A XXX SP, as Sih coemienea) 


Group designation / 


Memory identification 
M :Mask ROM*RAM 
E :PROM*RAM 
S :RAM(external ROM) 





Memory size identification 


oR Ra RA 


= 
16K | 512 
24K | 1024 a 
32K | 1024 


External clock input frequency 
operating temperature range 
A :16MHz(Ta= —20°C to +85) 
B :25MHz(Ta= —20°C to +85) 
E :16MHz(Ta= —40°C to +85°C) 
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M37705M2- XXXSP and M37705S1SP 
are respectively unified into 
M37705M2AXXXSP and M37705S1ASP 


MITSUBISHI MICROCOMPUTERS 


M3770SM2AXXXSP 


M37705S1ASP 





DESCRIPTION 

The M37705M2AXXXSP and M37705S1ASP are single-chip 
microcomputers designed with high-performance CMOS 
silicon gate technology. These are housed in a 64-pin 
shrink plastic molded DIP. These single-chip microcompu- 
ters have a large 16M bytes address space, three instruc- 
tion queue buffers, and two data buffers for high-speed in- 
struction execution. The CPU is a 16-bit parallel processor 
that can also be switched to perform 8-bit parallel proces- 
sing. These microcomputers are suitable for office, busi- 
ness and industrial equipment controller that require high- 
speed processing of large data. 

Also, the incorporated motor control circuit makes these 
microcomputers suitable for control of equipment that re- 
quires motor control. 

The differences between M37705M2AXXXSP and M37705S1 
ASP are the ROM size as shown below. Therefore, the fol- 
lowing descriptions will be for the M37705M2AXXXFP un- 
less otherwise noted. 


M37705M2AXXXSP 16K bytes 16MHz 
M37705S1ASP i6MHz 


The M37705M2AXXXSP cuts down the pins of M37704M2A 
XXXFP. Refer to the BASIC FUNCTION BLOCKS for the 
functional differences. 














DISTINCTIVE FEATURES 


e Number of basic instructions Sn ee eo ee ee ee 103 
e Memory size ROM Sid HOS B45 Rue AG eee alie a 5 0 Nw ee eee ces 16K bytes 
RAM Seer cece cere seer seer nsrseseeseeee 51 ? bytes 
@ Instruction execution time 
The fastest instruction at 16 MHz frequency --:::::: 250ns 
e Single power supply Serre eke ore 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 
dae barat e tet dies Srelee Gs owiaieret6kca sd acse beara Set Seeiotere bile. 8 Feb Biotate olorst ele Sas 60mW (Typ.) 
@ Interrupts Bie Bw Totate Soe Sloe Vorerenere we epeleradarene oes, ierelereereile.@e.etes 16 types 7 levels 
@ Multiple function 16-bit timers 5-+3 
(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 
e@ UART ee ee eee a ee eee TC are ee Re ee et 1 
@ 8-bit A-D converter ss 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 53 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


PIN CONFIGURATION (TOP VIEW) 


P7,/AN, + [1] 
P7;/ANs + 
P7,/AN, 
P73/AN3 + 
P7,/AN> + 
P7,/AN, + 
P7o/ANg + 
P6./TB1 iy +> 
P6;/TBOw + 
P63/INT, + 
P6/INTo +> 
P6q/TA4gur/RTP13 +> 
P5g/TASqyr/RTP12 <> 
PSe/TA2iy/U/RTP1, + 
P54/TA2our/V/RTP19 + 
P5a/TA1y/W/RTPO3 +> 
P50/TAL our/U/RTP0. +> 
P5,/TAQiy/V/RTPO, > 
P5o/TAQgyr/W/RTP0y +> 


64] +» P77/AN7/ADrRo 
AVss 
+ Vrer 
AVoc 
Voc 
++ P8,/R,xD, 
++ P8,/TyD, 
+> P0o/Ao 
+> P0,/A, 
++ P0./A> 
++ P03/A3 
+> P0,/A, 
+> P0s/As 
+> P0¢/Ag 
+> P0,/Az 
+> P15/As/Dg 
++ P1,/Ag/Do 
+> P12/Ai9/D49 
<> P13/A;4/D4; 
> P14/Ay2/Dyo 
+> P15/Aj3/D43 
+> P16/Ay4/Di4 
> P17/Ais/Di5 
++ P2,/Ai¢/Do 
+> P2,/A17/D; 
++ P2./Ai9/D2 
++ P2./Ai9/D3 
++ P2,/Ao9/D, 
++ P2./Az,/Ds 
++ P26/Ao2/Dg 
++ P2,/Ao3/D7 
++ P3,/R/W 


dSVILSSOZZEW 
JO 
dSXXXVCWSOZZEWN 


P4,/¢, 
P4,/RDY ++ 
P4,/HOLD + 
BYTE + 
CNVss 
RESET > 


P3./ALE «> 
P3,/BHE «> 


Outline 64P4B 








APPLICATION 

Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


The M3/7705M2AXXXSP and M37705S1ASP satisfy the 


timing requirements and the switching characteristics of 
the former M37705M2-XXXSP and M37705S1SP 
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Instruction Queue Buffer Qo(8) 
Instruction Queue Buffer Q1(8) 
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) 

Index Register Y(16) 
(16) 

16) 


Accumulator B(16) 
ithmetic Logic 
Unit(16) 


if 


Input Buffer Register IB(16 
A 


Program Bank Register PG(8) 
Data Bank Register DT(8) 
rocessor Status Register PS 
Direct Page Register DPR(16) 
Stack Pointer S(16 
Index Register X 
Accumulator A 
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MITSUBISHI MICROCOMPUTERS 


M3770SM2AXXXSP 
M37705S1ASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





FUNCTIONS OF M37705M2AXXXSP 


Parameter Functions 





Number of basic instructions 103 
instruction execution time M37705M2AXXXSP, M37705S1ASP 250ns (the fastest instruction at external clock 16MHz frequency) 
ROM 16K bytes : See 
RAM 512 bytes 
PO, P1, P2, P7 8 -bitx 4 
| PS 7 -bitX 1 
P6 5 -bitX 1 
P4 Pee ent ee 4 -bitX 1 


P3 














Memory size 





Input/Output ports 





























TAO, TA1, TA2, TA3, TA4 
TBO, TB1, TB2 16-bitX 3 (2 input functions) 
Serial I/O UART X1 
A-D converter 8 -bitX 1 (8 channels) . 
Watchdog timer 12-bit X 1 _ 
Dead-time timer 8 -bitX 3 
2 external types, 14 internal types 


Multi-function timers 



























































Interrupts gale 
. (Each interrupt can be set the priority levels to 0 ~ 7.) 














Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 























Supply voltage 5 V+10% 


Power dissipation 60mW(at external clock 16MHz frequency) 











Input/Output voltage 5V 








Input/Output characteristic 
Output current 5mA 














Memory expansion Maximum 16M bytes 











Operating temperature range —20~85C 








Device structure CMOS high-performance silicon gate process 











Package 64-pin shrink plastic molded DIP 
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M3770SM2AXXXSP 
M3770SS1ASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER. 





PIN DESCRIPTION 


Power supply - Supply 5 V~=10% to Vcc and 0 V to Ves. 


CNVsgzg input This pin controls the processor mode. Connect to Vss for single-chip mode, and to Vcc for external ROM 
types. 


RESET Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 
Xn Clock input These are !/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 














tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xn pin 
Clock output and the Xourt pin should be left open. 
= Enable output: Data or instruction read and data write are performed when output from this pin is “L’”. 








BYTE Bus width selection input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Analog supply input ' Power supply for the A-D converter. Connect AVcc to Vcc and AVsgg to Vsg externally. 
AVss 


Reference voltage input This is reference voltage input pin for the A-D converter. 


POQo~ P07 \1/O port PO In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 











Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


to~P17 I/O port P1 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
if the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s5~Ag)is output. 





























2o™~P27 1/O port P2 in single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Ag3~ Aig) is 
output when E output is “H”. 
P39~P32 I/O port P3 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 
P49~P4z, I/O port P4 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
P4, rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
| same as in single-chip mode. !In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xi pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 








P5o~ P56 1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer AO, timer A1, timer A2 and output pin for timer A3. These pins also have the function as motor 
control output pin. 









I/O port P6 1/O in addition to having the same functions as port PO in single-chip mode, these pins also function as output 
pins for timer A4, and input pins for external interrupt input INTo and INT, pins, and for timer BO and timer 
B1. P69 also has the function as motor control output pin and P62 has the function as motor control pin. 








P7>~P77 


P8., P87 





1/O port P7 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 





I/O port P8& In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD 


and TxD pins for UART 1. 
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M3770SM2AXXXSP 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





BASIC FUNCTION BLOCKS 

The functional differences between the M37705M2AXXXSP 
and M37704M2AXXXFP are described below. The 
M37705M2AXXXSP has the same _ functions as_ the 
M37704M2AXXXFP, except these points. Refer to the sec- 
tion on the M37704M2AXXXFP. 


TIMER 

Since timers A3 and A4 have no input pin, timers A3 and A4 
operate only in the modes except for event counter mode 
and select only no input function by timer A3 and timer A4 
mode register. 

Since timer B2 has no input pin, timer B2 operates only in 
timer mode. Therefore, only clock source can be selected 
by the bits 7 and 6 of timer B2 mode register. The bits of 
timer mode register must be “0” except for the clock 
source selection bits. Other timers AO, A1, A2, BO and B1 
have the same functions as the M37704M2AXXXEFP. 


SERIAL 1/O 

Serial 1/O is only UART1. UART1 has only the asynchronous 
serial communication function and no clock synchronous 
serial communication function. Therefore, do not select the 
clock synchronous serial communication function (“001”) by 
the serial communication method selection bits (bits 2, 1 
and 0) of UART1 transmit/receive mode register. Since 
UART1 does not have the functions of CTS and RTS, the 
CTS, RTS selection bit (bit 2) of UART1 transmit/receive 
control register must always be “1”. 

Since UARTO has no function as serial I/O, set all the serial 
- communication method selection bits (bits 2, 1 and 0) of 
UARTO transmit/receive mode register to “0”. 


INPUT/OUTPUT PINS 

Though the port registers and directional registers for ports 
P4, PS, P6 and P8 have eight bits, the directional register 
bits having no pins must always be set to the output mode. 
Since port P33 is not available as a pin although it has port 
register and directional register, port P33 must be set to the 
output mode. 


ADDRESSING MODES | 
The M37705M2AXXXSP has 28 powerful addressing mod- 


es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37705M2AXXXSP has 103 machine instructions. Re- 


fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37705M2AXXXSP mask ROM order confirmation form 
(2) 64P4B mark specification form 

(3) ROM data (EPROM 8 sets) 


The functional differences between the M37705M2AXXXSP and M37704M2AXXXFP 


Parameter M37705M2AXXXSP M37 704M2AXXXFP 


1/O port 


(without HLDA pin) 





———$} 





Timer A with |1/O pins 
with output pins 
Timer B with input pins 
only timer mode 





16-bitX 3 | Timer A with I/O pins 16-bit 5 
16-bitX 2 

16-bitX 2 | Timer B with input pins 16-bit 3 
16-bitX 1 





Serial I/O UART (no clock synchronous serial I/O) X 1 (UART or clock synchronous serial |/O) X 2 


64-pin shrink plastic molded DIP 








80-pin plastic molded QFP 
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M3770SM2AXXXSP 
M3770SS1ASP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





M37705M2AXXXSP = 
ELECTRICAL CHARACTERISTICS (Vcc=5vV, Vss=0V, Ta=25C, f(Xin)=16MHz, unless otherwise noted) _ : 


- 
Symbol Parameter Test conditions 


Ty 
“High-level output voltage POg~P07, P1p~P17, P2o~P2z, 
V P3o, P31, P49~ P4o, P4,, 
P5o~ P5e, P6o, P65, P63, P6s, 
P66, P79~P77, P8e, P87 ; 
High-level output voltage PO 9~P07, Plo~P17, P29~P27, 
V 2) utput voltag 0 7, Plo 7, Péo 7 lon= —400 2A . 
P39, P3, 
; lon=—10mA 
V High-level output voltage P3, 
lon=—400uA 
; 












Ro) 






Blwl) 
™N W 





cele 





= lon=—1 OmA | 
High-level output voltage E 
lox= —400uA 


Low-level output voltage POg~P07, Pl9o~P17, P29~P27, 
P3o, P3}, P49~P4o, P4,, 

P56, P60, P62, P63, P65, P6¢, 
P79~P77, P86, P87 


OH 
OH 
OH 
OH 
VoL 
Low-level output voltage P59~P5s5 loc =20mA 
Vor 
Vou 
Voi 












lop=1 OmA 





Low-level output voltage POo~P07, P19~P17, P29~P27, 
loL-=2mA 
P3o, P3; 
lo. =10mA 
Low-level output voltage P3_ 1 


1 
lo. =2mA 0. 43 
loL=10mA 


Low-level output voltage E 
loL=2mA i - 
Vey Hysteresis HOLD, RDY, TAQjw~TA2w, TBOw, TB1n, Vv 
a ee INTo, INT;, ADrra 


Hysteresis RESET | 


| Vre=Vro [Hysteresis xy 
High-level input current POg~P07, Plo~P17, P29~P27, 
P3p~P82, P4o~P 4p, P47, | 
P5o~P5¢, P6o, P62, P63, P65, 
P65, P79>~P77, P8,, P87, 
Xin, RESET, CNVss, BYTE 


ye! input current POg--PO,, Pty~Pt7, P2o--P2z, 
P3o9~P32, P4o~P42, P47, 

hie P59~P5e, P60, P62, P63, P6s, V,=0V : —5 UA 

P6¢, P7o~P77, P86, P87, 


Xin, RESET, CNVss, BYTE 


RAM hold voltage . When clock is stopped. 2 PT 


(Xi) =16MHz, 
: 7 12 24 | mA 
In single-chip mode | square waveform 
output only pin is =25' 
loc Power supply current . ea Tar eo wien clock 
open and other pins | is stopped. 
are Vss during reset. | T,=85°C when clock 20 an 
is stopped. 













oO 
Bey 































Symbol Parameter Test conditions 
sms | Bammer | Tottconttone Typ. 


| — Absolute accuracy VreF= Voc Lae 
Rviapper | Ladder resistance Vrer=Vec 
Conversion time 


Reference voltage 
Analog input voitage 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 


cc 
{ 
Input voltage POo~P07, Plo~P17, P29~P2z7, P39~ P32, 
V; P4o~ P4p, P4,, P5o~ P56, P65, P6>, P63, 
ie 


P65, P6s, P7o~P77, P8¢, P87, Vrcr, Xin 
Output voltage PQ9~P07, P19~P17, P29~P27, P39~P3z, 
Re | Ta=25 1000 
=20~88 
=40-150 













































—0.3~Voec +0. 3 













P4o~ P4o, P4,, P5o~ P5z, P6o, P6o, P63, 


P6s, P6¢, P7o~ P7,, P86, P8,, Xout, E 


Power dissipation 














Operating temperature 









Storage temperature 


Parameter 





Supply voltage 





Analog supply voltage 


Supply voltage 
Analog supply voltage 


High-level input voltage PO p~ P07, P3p~P32, P49 ~P42, P47, P5p~P5g, P69, P62, P63, 
P6s, P6z, P7o~ P77, P8e, P8, Xin, RESET, CNVss, BYTE 








High-level input voltage P19~P17, P29>~P2;7 (in single-chip mode) 


High-level input voltage P19~P17, P29>~P2; 
(in memory expansion mode and microprocessor mode) 





Low-level input voltage PQ9~P07, P39 ~P32, P4p~P42, P47, P5p~P5¢6, P6, P62, P63, 
P65, P66, P79~P77, P8e, P8;, Xin, RESET, CNVsgs, BYTE 
Low-level input voltage P1p~P17, P29~P27 (in single-chip mode) 





(in memory expansion mode and microprocessor mode) 

High-level peak output current POg~P07, Plgo~P17, P29~P27, P39 ~P32, P4p~P42, P47, 
P5o~P5¢, P60, P62, P63, P6s, P6g, P7p>~P77, P86, P87 

High-level average output current POo~PO07, P19~P17, P29~P27, P39 ~P32, P4p~P42, P47, 
Ontavg) P5o~P5s, P6o, P62, P63, P65, PGs, P7>~P77, P86, P87 


Low-level peak output current PQg~P07, P19~P17, P29~P27, P89 ~P32, P4g~P42, P47, P5g, 
ou(peak) P6p, P62, P63, P65, PGs, P7p~P77, P8e, P8, 
Low-level peak output current P5p~P55 
Low-level average output current POg~P07, P19~P17, P29~P27, P3p~P32, P4y~P4z, P47, P5g, 
Py, P62, P63, P65, P6s, P7o~P77, P85, P87 
| (Xiu) | External clock frequency input ——C—CO YT | MHz | 


Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lox(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


Vss 
Vin 
Vin 
Vin 
Vin 
Vie 
Vin 
loH( peak) 


Low-level input voltage Pig~P17, P29~P27 
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TIMING REQUIREMENTS (Vec=5V+10%, Vss=OV, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 
External clock input 


External clock input cycle time 
Pte «df Extemalclocksetime SCS 
tp External clock fall time 


Min. 


Test conditions Unit 















-+ 
< 
od 


N 


fe?) 
NO 







N 
on 








Single-chip mode 


Symbol Parameter Test conditions 
| smo | amet | Min. _| Typ. 


Port PO input setup time 100 
100 
100 
Port P6 input setup time 

| 
Port P2 input hold time 

Port P3 input hold time 

Port P4 input hold time 

Port P5 input hold time 

Port P6 input hold time 

Port P7 input hold time 

Port P8 input hold time 










Unit 





el 
i) 
oO 
























5 
n 











| 
Oo;OQ;o 
O;O;O 





Memory expansion mode and microprocessor mode 


: Limits 
Symbol Parameter Test conditions Unit 
sm Pama yp. | Max _| 


Port P2 input setup time 
RDY input setup time 


Port P2 input hold time 
RDY input hold time | 





4 
ne) 


>it 
on; on 
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Timer A input (Count input in event counter mode) 


Symbol Parameter Test conditions 


TAiin input cycle time 

















TAiy input high-level pulse width 








Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAiy input cycle time 











TAiw input high-level pulse width 
TAiin input low-level pulse width 











Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter Test conditions 


TAiwy input cycle time P2850 lees 
TAiwy input high-level pulse width res ie: As 
TAin input low-level pulse width ee ee ee 125 ae: aa ee ee 















Timer A input (External trigger input in pulse width modulation mode) 


Limits 
Symbol Parameter Test conditions  kimits 
sma |__escoutens ia 
125 
125 








Timer A input (Up-down input in event counter mode) 


TAiout input cycle time 


TAigur input low-level pulse width 
TAiour input setup time 
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Timer B input (Count input in event counter mode) 


tecrsy | Tein input oye tne (one edge count) ————SSSSSSCSCSC~iCSSS 

twine) | TBin input high-level pulse width (one edge cant) ———~—SCSCSC~CSCSC“‘“‘“*S*~S~* 
twine) | TBin input low-level pulse wicth (one eage count) —~=SSC*dSSCSSSCSCSC~S~wrCia 

in ) Pe 

input at — 

th (both a 










( 
TBijy input cycle time (both edges count 
TBijy input high-level pulse width (both edges count) 
TBiy input low-level pulse width (both edges count) 





125 


Timer B input (Pulse period measurement mode) 


Limits 


typ. [Mae 

FS GG I ST 
250 [ns 
a as 


TBiy input high-level pulse width 
TBin input low-level pulse width 
Timer B input (Pulse width measurement mode) 


Limits 
Symbol Parameter Test conditions timits | Unit 


ss 
Oe 










on 
© 
8 






















TBiy input high-level pulse width 








TBiy input low-level pulse width 





A-D trigger input 7 


| smo | ameter | Task ceitns | Limits 
Symbol Parameter Test conditions Unit 
| Min. | Typ. | | Max. | 


tc(an) _| AD rare input cycle time (minimum allowable trigger) 1000 ns 











tw(abL) ADrrg input low-level pulse width 125 ns 


Serial I/O 


. Limits 
Symbol Parameter Test conditions : Unit 
Min. Typ. Max. 


iso. feminist 
tte) [CLAlinpat ighrievel pues wad tm 
CLKi input low-level pulse width Po 125 a ee eee 

Cece one 2 
Pineng —[hotbedune i 
i PE wena ag Bee tel 
ee 





















RxDi input setup time 
RxDi input hold time 


thic—p) 


External interrupt INTi input 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f(Xin) =16MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 





td(e—poa) Port PO data output delay time 








td(eE—P1Q) Port P1 data output delay time 





td(e—p2aq) Port P2 data output delay time 





td(e—p3aq) Port P3 data output delay time 





td(e—paaq) Port P4 data output delay time 





td(e—psa) Port P5 data output delay time 











td(e—p6aq) Port P6 data output delay time 





td(e—p7aq) Port P7 data output delay time 





td(e—psa) Port P8 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit = "1”) 


Limits 





Symbol Parameter Test conditions 











td(poa—e) Port PO address output delay time 
td(e—pia) Port P1 data output delay time (BYTE=“L”) 
texz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 


td(p2a—e) Port P2 address output delay time 


tw(aLe) ALE pulse width 





td(BHE—E) BHE output delay time 
td(p/w—e) R/W output delay time 





td(e—¢,) ¢, Output delay time 








thc e—Poa) Port PO address hold time 

thcace—pia) | Port P1 address hold time (BYTE=“L”) 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 
th(eE—p1a) Port P1 address hold time (BYTE=“H”) 
thcaLeE—p2a) | Port P2 address hold time 























thi e—p2aQ) Port P2 data hold time 





tpzx(E—p2z) | Port P2 floating release delay time 
thc e—sHeE) BHE hold time 


thce—R/w) R/W hold time 
twieL) E pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Port PO address output delay time 
: Port P1 data output delay time (BYTE=“L”) 
















Limits 
yp 






Test conditions 


ol 









E) 
Seca ieeoaseneie 
Port P1 address hold time (BYTE="L’) 
Port P1 data hold time (BYTE="L”) 
Port P1 floating release delay time (BYTE=“L”) 
E pulse width 


Port P2 address output delay time 
ALE output delay time 


pe) 
So 


—_—t — —_, mb Saal a 
POTN Ph N O71; O1/ on OT On 








N 
DOT PTR] NM] PP 








Fig. 1 Testing circuit for ports PO~P8, 4, 
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TIMING DIAGRAM tr tf is 
Single-chip mode 
f(Xin) 
E 
ag td(e—poa) 
Port PO output BD 
tsu(poo—e) 
iN 
Port PO input thie—pop) 
ag tdie—pia) 
Port P1 output |X 
tsu(p1p—e) pees 
ii 
Port P1 input thie—Pro) 
ang tdie—p2a) 
Port P2 output Xx 
tsu(p20—e) peal 
me 
Port P2 input th(e—Peo) 
ng td(e—psaq) 
Port P3 output Xx 
tsu(p30—e) — 
Port P3 input Le thie—-Pso) 
— ] td(e—paq) 
Port P4 output X 
tsu(pap—e) 4 
Port P4 input A thie—Pap) 
ay tdie—psa) 
X 
Port PS output 
tsu(psp—e) — 
Port P5 input ke th(e—psp) 
— td(e—P6a) 
Port P6 output X 
tsu(p6D—E) — 
Port P6 input be th(e—pép) 
ae td(e—p7a) 
Port P7 output Xx 
tsu(p7D—€) — 
Port P7 input ) th(e—p7p) 
a | tdie—psa) 
Port P8 output xX 
tsu(pso—e) pea 
Port P8 input ee thie—psp) 
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te(ta) 


twiTaH) 


TAijy input 


tw(TAL) 


{ 
to(up) 






tw(uPH) 


TAiout input 


TAiourt input 
(Up-down input) \ 


In event counter mode 


TAiyn input 


(When count by falling) 
ep ERE lee RRS 
TAiyy input 
(When count by rising) 


TBin input 





| te(ap) | 


tw(aot) 

ADrre input 
tec) 

twicKn) 

CLKi 
thic—a) 
eee 

RxDi 

tWUNt) 
INTi input 









Test conditions 

2 Vec= 5 V+10% 
* Input timing voltage ° V,;_=1. OV, Viq=4. OV 
* Output timing voltage ° Vo.=0. 8V, Voy=2. OV 


tw(INH) 
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Memory expansion mode and microprocessor mode(When wait bit = “1”) 


f(Xin) 


$y 


Port PO output 
: Ao~Az ) 


Port P1 output 
(Ag~Ay5/Dg~Djs5) 
(BYTE=“L”) 


Port P1 output 
(Ag~Ais) 
(BYTE="H") 


Port P1 input 


Port P2 output . 
(Aie~Az3/Do~ D7) 


Port P2 input 


Port P32 output 
(ALE) 


Port P3, output 
(BHE) 


Port P3, output 
(R/W) 


Port P4, input 
(RDY) 


tf tr tc 


tw(H) 









td(e—¢4,) 





tdie—4,) 


tw(eL) 


a" B 


th(aLe— PIA 


Css | 


—=s es 


mae = os 


th(ace—p2a) ae (E—P2z) tezx(e—p2z) 


tpzx(E—P1z) 


- Address 





ei — a =) Wer 


W (ALE) 
tdiace—e) 
Paes E) 
Ec BHE) 


—a Z — 


tsu(rpy—4,)| th(4,;—RADY) 


Test conditions 
co= 5 V+10% 
- Output timing voltage : Vo_=0. 8V, Von=2. OV 
+ Port P1,P2input > Vj. =0. 8V, Vin=2. 5V 
- Port P4, input > Vi =. OV, Vin=4. OV 
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Memory expansion mode and microprocessor mode(When wait bit = “0”, and external memory area is accessed) 


(Xin) | f\ 


$y 








twiev) 









Port PO output ; ~ 
aks (TT rawes 2) » 





th(ALe—P1a) F tezx(e—P1z) 

Port P1 output 

(BYTE="L”) 

thie 

Port P1 output 

(Ag~Aij5) Address 

(BYTE=“H”) 

thie—piD» 

Port P1 input 
Port P2 output " Bae 

(Aig~Az3/Do~ D7) Address ata Address 


Port P2 input 


tdie—p2a) — thi e—pap) 
l 


twW(ALe) 


Port P3, output ; | 
td(BHEe—e) 


(ALE) 
wwf |b thie~BHe) 


(BHE) 


td(r/w-e) thie—rw) 
Port P39 output 
(R/W) 


tsu(RDY—4,) 


th(4,;—Rpy) 
Port P4, input se 
(RDY) Test conditions 


*Voc= 5 V~410% 
* Output timing voltage > Vo. =0. 8V, Von=2. OV 


td(aLe—e) 





* Port P1, P2 input ViL=0. 8V, Vin=2. 5V 
* Port P4, input : Vii=l. OV, Vin=4. OV 
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DESCRIPTION 

The M37705M2EXXXSP and M37705S1ESP are single-chip 
microcomputers designed with high-performance CMOS 
silicon gate technology. These are housed in a 64-pin 
shrink plastic molded DIP. These single-chip microcompu- 
ters have a large 16M bytes address space, three instruc- 
tion queue buffers, and two data buffers for high-speed in- 
struction execution. The CPU is a 16-bit parallel processor 
that can also be switched to perform 8-bit parallel proces- 
sing. These microcomputers are suitable for office, busi- 
ness and industrial equipment controller that require high- 
speed processing of large data. 

Also, the incorporated motor control circuit makes these 
microcomputers suitable for control of equipment that re- 
quires motor control. 

The differences between M37705M2EXXXSP and M37705S1 
ESP are the ROM size as shown below. Therefore, the fol- 
lowing descriptions will be for the M37705M2EXXXFP un- 
less otherwise noted. 


16K bytes 

The M37705M2EXXXSP is the wide operating temperature 
range version of the M37705M2AXXXSP. 

The M37705M2EXXXSP cuts down the pins of M37704M2E 


XXXFP. Refer to the section on M37705M2AXXxXFP for the 
functional differences. 


DISTINCTIVE FEATURES 










External clock input frequency 








@ Number of basic instructions Oem m creer cen eee assececeeareeees 103 
@ Memory size ROM corccrccs ttt steeeeeeee seen eee 16K bytes 
Ov\ \\ errr 512 bytes 

@ Instruction execution time 

The fastest instruction at 16 MHz frequency -:::-::- 250ns 
e Single power supply i liista ea vlactegaceaeulneiie sae acetate xe 5V110% 
@ Low power dissipation (at 16 MHz frequency) 

wesatace ti bcatar Si Siestyig-svel'o/aieln oceray pavarsia ls o/s ine Sroies dele arrive a 'aelac SW dce/ale' elaine sonics 6O0mW (Typ.) 
@ Wide operating temperature range::-:---:----:- —40~85°C 
@ Interrupts crete eee tee eee 16 types 7 levels 
@ Multiple function 16-bit timers: te 5+3 

(Three-phase motor drive waveform or pulse motor 

drive waveform can be output.) 
@ UART SIRT e CER EO SO Ee A Re CR Rae ae ee roe Ee or 1 
@ 8-bit A-D converter -:::1 srr rer 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 53 
APPLICATION 


Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


PIN CONFIGURATION (TOP VIEW) 


P7,/AN, +L] ++ P7;/AN7/ADrac 





P7,/ANs +> AVss 
P7,/AN, <> — Var 
P73/AN3 + AVcc 
P7./AN2 Voc 
P7,/AN, + +> P8./R,xD; 
P79/ANo +> + P8,/T,D; 
P6,/TB1 in + + P05/Ag 
P6;/TBOy + + P0,/A, 
P63/INT; +> +> P0>/Ay 
P6./INTp +> P03/A3 
P6o/TAdgur/RTP 13 + > P04/A4 
P5g/TA3qur/RTP1 > +> z + P0s/As 
P5s/TA2y/U/RTPI, > = +> P0¢/Ag 
P54/TA2our/V/RTP1y +> OS +> P0,/Ay 
PSg/TAL /W/RTPO3 +» SoZ +> P1o/Ag/Ds 
P55/TAloyr/U/RTPO, +> a. N + P14/Ag/Do 
P5,/TAQ,y/V/RTPO, <> m es +> P15/Aio/Di9 
P5o/TAQ oyr/W/RTPOy +> oe x +> P15/A,,/Diy 
P4,+> U +> P14/A42/D42 
P4,/¢, <> > P15/Ay3/D43 
P4,/RDY «> > P16/Ay4/Di4 
P4,/HOLD «> +> P15/Ay5/Di5 
BYTE — +> P2o/Ai6/Do 
CNVsg ++ P2,/Ay7/D; 
RESET > ++ P25/Ay3/D> 
Xin > ++ P23/A49/D3 
Xout +* P24/Az20/D4 
E+ +> P2</Ao;/Ds 
Vss ++ P2¢/Azo/Dg 
P3,/ALE ++ + P27/Aoa/D7 
P3,/BHE «> +> P3,/R/W 


Outline 64P4B 


THE FUNCTIONS AND CHARACTERISTICS 
The M37705M2EXXXSP has the same functions and char- 
acteristics as the M37705M2AXXXSP except for the follow- 
ing. Refer to the section on the M37705M2AXXXSP. 


Operating temperature range 











—65~150°C 
Max. +3LSB 


Storage temperature 





A-D converter absolute accuracy 





NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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. Reference Bus width 
Clock input Clock output Enable output Reset input (5V) vi (OV) (OV) (5V) voltage input selection input 
Xin Xout e RESET Voc CNVss AVss AVoc Vrer BYTE 
oo @-- ————@___. -. —9@—— - Oo ea Sp a - ——§)— - —___@)—_—__ - + _—__ - —_-@ 








5 











Clock Generating Circuit 














aie (es aes 0 ek ae ces Oc 


L 




































91607 snawyy 
Dd da}siBay yueg wes6olg 





(pz) sojUaWaJ0U| 


(bz)va 4218159 ssaippy eeq [> 
(pz)vd J01siBay ssosppy wesBoig ——— 


(OL)A says iHay xapu| 
(QL)S 498}UIOd YORIS 
(Q1)HdG 131s|Bay abeg joauq 
(8)L0 491s158y yuUeg Beg 


> 
ie] 
x 
@ 
3 
o 
= 
i.) 
= 
aed 
1] 
@ 
° 
ax 
oO 
3 
co) 
= 
ic 
-_~ 
ho 
> 


(91 )@ JoyenuuNdoy 
(9L)X 49}s160y xepul 





(QL) soyeinWNooy 





> 
3 
c 
= 
ie] 
Cc 
= 
® 
g 
Bs) 
oO 
2 
” 
a 
a 
a 
a 


(8) aq 194jng eyeQ 
(3)4a@q saying ejeq 


(8) 





(LL)Sd 4a1sIBay snyeys sossadolg 
(91)Od 49}uN0D wesBold 








(9)0D 4943Ng aNanH voNonsysu 





a (g)eO JayNg ananH uoionsjsu| 
(8)'® sayNg anand uoyonsysu| 





[Timer 782(16) ] 
[timer Ta1(16) ] [Timer 781(16) | 


Timer TAO(16) oe = 16) UART 1(9) A-D Converter(8) 


















ROM 
16K Bytes 





RAM 
512 Bytes 








sng ssouppy 











(PPO )sng eeq 
(uanq)sng ejeq 


|_____¢p¢ —- —@D@DOOOQD— OOOO ®D — —OOGOD ®B Y— —-DDD W- — —-DOYDB—-DPOWB DOD OOOH MOO—606N6D696H696H6) — - —_—_— 
ed = V—— XY 7 — a nee vr’ ~~ 
Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 
port P8 port P7 port P6 . port P5 port P4. port P3 port P2 port P1 port PO 











YALNdUWODOHSIW SOW) LId-9T dIHO-ATINIS 


dSATSSOZZEW 


dSXXXACcINSOZZEW 


SYUALNMUWODJOXDIN IHSIESNSLiW 


MITSUBISHI MICROCOMPUTERS 


M3770SM4BXXXSP 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37705M4BXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This 
microcomputer is suitable for office, business and industrial 
equipment controller that require high-speed processing of 
large data. 

Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 

The M37705M4BXXXSP cuts down the pins of M37704M4B 
XXXFP. Refer to the BASIC FUNCTION BLOCKS for the 
functional differences. 

The M37705M4BXXXSP operates only in the single-chip 
mode. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Pike cir Lee ee COR ee EC 103 
@ Memory size ROM ie oer ae eee eae eer a 32K bytes 
RAM crecccrcccc cect ee teeeeseeeeeeees 1024 bytes 
@ Instruction execution time 
The fastest instruction at 25 MHz frequency -::::::- 160ns 
@ Single power supply: score 5V+10% 
@ Low power dissipation (at 25 MHz frequency) 
Havecadeinrdyaeve aig asaau tr avensntveis: 4 votH dials + & and loos ai are. asaiere eter eecetare pre ase 95mW (Typ.) 
@ Interrupts PErrErrreerererrrerrrrere rrr ee er erie eri 16 types 7 levels 
e Multiple function 16-bit timer iahiSvaceia eve ebaravetaesea ed vbrave! s(tve ete) "si efece 5+3 


(Three-phase motor drive waveform or pulse motor 
drive waveform can be output. ) 


8-bit A-D converter sss etree 8-channel inputs 
12-bit watchdog timer 

Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 53 
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PIN CONFIGURATION (TOP VIEW) 


P7¢/ANg + 1, 64] ++ P7,/AN7/ADrpc 
P7;/ANs ++ AVss 
+ Vrer 
P7,/AN, [4] AVec 
P7./AN> > Voc 
P7,/AN, + [6] ++ P8./RxD, 
P7o/ANo + +> P8,/T,D, 
P66/TB1 in + [8 +> P0 
P65/TBOn + 19] + PO, 
P63/INT, +> PO, 
P62/INTo +> ++ PO; 
P6o/TA4gur/RTP15 > ++ PO, 
Pig/TA3qur/RTP1> > +> PO; 
P5g/TA2iy/U/RTP1, +> [14] +> P0, 
PB 4/TA2gyr/V/RTP1g +> ++ PO, 
P59/TAt y/W/RTPOs > +> Py 
P5o/TAL oyr/U/RTPO, +> > PI, 
P5,/TAQ/V/RTPO, <> [18] +> Pt, 
~ PSo/TA0gyr/W/RTP0, + [19] +> PI, 
++ P1, 
+> Pi, 
+> Pl, 
+> P1, 
++ P2 
+> P2, 
++ P2, 
+> P2, 
+> P2, 
+> P2, 
+> P2, 
+> P2, 
++ P3, 


dSXXXdvVNSOZZEW 


Outline 64P4B 


APPLICATION 

Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. | 
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Data Bus(Odd) 





Address Bus 






Data Buffer DB,,(8) 
Data Buffer DB, (8) 
Instruction Queue Buffer Q1(8) 
Instruction Queue Buffer Q2(8) 





Instruction Queue Buffer Qo(8) 







Incrementer (24) 
Program Address Register PA(24) 
Data Address Register DA(24) 
Incrementer/Decrementer (24) 
Program Counter PC(16) 
Program Bank Register PG(8) 
Data Bank Register DT(8) 
Processor Status Register PS(11) | 
Direct Page Register DPR(16) 
Stack Pointer S(16) 
Index Register Y(16) 
Index Register X(16) 
Accumulator B(16) 
remote KS 


Arithmetic Logic 
Unit(16) 
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FUNCTIONS OF M37705M4BXXXSP 









Parameter 





Functions 








103 
160ns (the fastest instruction at external clock 25MHz frequency) 
32K bytes 
1024 bytes 


Number of basic instructions 













Instruction execution time 








|] ROM 
RAM 
PO, P1, P2, P7 
P5 
P6 
P4 4 -bitX 1 


P3 3 -bitX 1 


P8 2 -bitX 1 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 (3 input/output and 2 output functions) 


TBO, TB1, TB2 16-bit 3 (2 input functions) 
UART X1 

8 -bitX 1 (8 channels) 
12-bitX 1 
8 -bitX 3 
2 external types, 14 internal types 





Memory size 
















































Input/Output ports 






















Multi-function timers 



















Serial 1/O 
A-D converter 





























Watchdog timer 

















Dead-time timer 



















Interrupts : eee 
P (Each interrupt can be set the priority levels to 0 ~ 7.) 

























Built-in(externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 


Clock generating circuit 








Supply voltage 





Power dissipation 95mW(at external clock 25MHz frequency) 


eng | inPut/Output voltage 
Input/Output characteristic 


Operating temperature range —20~85°C 
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PIN DESCRIPTION 


Vv 
Vv 


Supply 5 V+10% to Voc and 0V to Vsgs. 





i 


tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
Clock output Output and the Xour pin should be left open. 


ee Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 


Connect to Vgs. 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





ce: Power supply 
SS 
IN 


These are 1|/O pins of internal clock generating circuit. Connect a.ceramic or quartz crystal resonator be- 









Bus width selection input Connect to Vss. 











Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVssg to Vsg externally. 
AVss 





















PQo~ P07 1/O port PO 1/O Port PO becomes an 8-bit !/O port. An I/O direction register is available so that each pin can be program- 
med for input or output. These ports are in input mode when reset. 

P1o~P17 1/O port P1 1/0 These pins have the same functions as port PO. 

P2y~P2, I/O port P2 1/O These pins have the same functions as port PO. 

P39~ P32 I/O port P3 1/O These pins have the same functions as port PO. 

P49~P4o, I/O port P4 /O These pins have the same functions as port PO. Port P4, can be programmed for ¢; output pin divided the 

P4, clock to Xin pin by 2. 

P5o~P5¢ I/O port P5 1/0 In addition to having the same functions as port PO, these pins also function as !/O pins for timer AO, timer 





A1, timer A2 and output pin for timer A3. These pins also have the function as motor control output pin. 





P60, P62, 1/O port P6 In addition to having the same functions as port PO, these pins also function as output pins for timer A4, and 
P63, P6s, input pins for external interrupt input INTo and INT, pins, and for timer BO and timer B1. P69 also has the 
P66 function as motor control output pin and P62 has the function as motor control pin. 


1/O port P7 In addition to having the same functions as port PO, these pins also function as analog input ANo~AN7 input 
pins. P77 also has an A-D conversion trigger input function. 


I/O port P8 In addition to having the same functions as port PO, these pins also function as RxD and TxD pins for UART 
1. 
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BASIC FUNCTION BLOCKS 

The functional differences between the M37705M4BXXXSP 
and M37704M4BXXXFP are described below. The 
M37705M4BXXXSP has the same_ functions as_ the 
M37704M4BXXXFP, except these points. Refer to the sec- 
tion on the M37704M4BXXXFP. 


TIMER 

Since timers A3 and A4 have no input pin, timers A3 and A4 
operate only in the modes except for event counter mode 
and select only no input function by timer A3 and timer A4 
mode register. 

Since timer B2 has no input pin, timer B2 operates only in 
timer mode. Therefore, only clock source can be selected 
by the bits 7 and 6 of timer B2 mode register. The bits of 
timer mode register must be “OQ” except for the clock 
source selection bits. Other timers AO, A1, A2, BO and B1 
have the same functions as the M37704M4BXXXFP. 


SERIAL I/O 
Serial |/O is only UART1. UART1 has only the asynchronous 


serial communication function and no clock synchronous 
serial communication function. Therefore, do not select the 
clock synchronous serial communication function (“001”) by 
the serial communication method selection bits (bits 2, 1 
and 0) of UART1 transmit/receive mode register. Since 
UART1 does not have the functions of CTS and RTS, the 
CTS, RTS selection bit (bit 2) of UART1 transmit/receive 
control register must always be “1”. 

Since UARTO has no function as serial I/O, set all the serial 
communication method selection bits (bits 2, 1 and 0) of 
UARTO transmit/receive mode register to “0”. 


INPUT/OUTPUT PINS 

Though the port registers and directional registers for ports 
P4, P5, P6 and P8 have eight bits, the directional register 
bits having no pins must always be set to the output mode. 
Since port P33 is not available as a pin although it has port 
register and directional register, port P33 must be set to the 
output mode. 


ADDRESSING MODES 
The M37705M4BXXXSP has 28 powerful addressing mod- 


es. Refer to the MELPS 7700 addressing mode description 
for the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37705M4BXXXSP has 103 machine instructions. Re- 
fer to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR MASK ORDERING 
Please send the following data for mask orders. 

(1) M37705M4BXXXSP mask ROM order confirmation form 
(2) 64P4B mark specification form 

(3) ROM data (EPROM 8 sets) 


The functional differences between the M37705M4BXXXSP and M37704M4BXXXFP 


Parameter M37705M4BXXXSP 








M37704M4BXXXFP 





1/O port 








with I/O pins 
with output pins 





with input pins 
only timer mode 

















Package 64-pin shrink plastic molded DIP 





16-bitx 3 | Timer A with I/O pins 16-bit 5 
16-bitX 2 

16-bit* 2 | Timer B with input pins 16-bit 3 
16-bitX 1 

Serial I/O UART (no clock synchronous serial I/O) X 1 (UART or clock synchronous serial I/O) X 2 











80-pin plastic molded QFP 
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ABSOLUTE MAXIMUM RATINGS Ze | 


oe =0.3~7 
analog supply vonage a~7 
Vv, 









V 
input voltage RESET, CNVes, BYTE pe ee 

V 

V 


Input voltage PQ9~P07, Plo~P17, P29~P27, P3p~ P32, 
P4y~ P42, P47, P5p~P56, P6o, P62, P63, —0.3~Vect0. 3 
P65, P6g, P7o~P77, P86, P87, Vrer, Xin 








Output voltage POg~P07, P1p~P17, P29~P27, P39~P32, 
P49~ P4o, P4,, P5o~P5e, P65, P62, P63, 
P6s, P66, P79~ P77, P8e, P8,, Xour, E 


Power dissipation =25C | 1000s" mw 
Topr | Operating temperature ee 
Tstg___| Storage temperature | —40~150 


—0.3~Vect0. 3 








e) 


RECOMMENDED OPERATING CONDITIONS (Vcec=5V+10%, Ta=—20~85C, unless otherwise noted) 
Limits 
Symbol Parameter Unit 
Min. Typ. Max. 

Vcc Supply voltage | 4.5 5.0 
AVcc Analog supply voltage Voc V 
Vss Supply voltage 0 V 
AVss Analog supply voltage 0 V 


Vin High-level input voltage PO9~P07, P1p~P17, P29~P27, P3p~P32, P4o~P42, Paz, P59 P5e, 0.8Vec 
P60, P62, P63, P65, P6s, P79>~P77, P86, P87, Xin, RESET, CNVss, BYTE 
Low-level input voltage POgo~P07, Plp~P17, P29~P27, P89 ~P32, P49 ~P42, P47, P5g~P5e, 
P6o, P62, P63, P6s, P6s, P7p>~P77, P86, P87, Xin, RESET, CNVss, BYTE 
High-level peak output current PQg~P07, Plp~P17, P29~P27, P3p~ P32, P4p~P4o0, P47, 
P5o~P5¢, P69, P62, P63, P65, P6g, P7o0~P77, P86, P87 i 
High-level average output current POg~P07, P19 ~P17, P29~P27, P89 ~P32, P4p~P4o, P47, 
P5o~P5e, P69, P62, P63, P65, P6s, P79>~P77, P8., P87 
Low-level peak output current POg~P07, Plo~P17, P29~P27, P89 ~P32, P4o~P4o, P47, Pg, 
P6o, P62, P63, P65, P6g, P7>~P77, P86¢, P87 
lou(peak) | Low-ievei peak output current P59~ P55 | 20 mA 


























< 





Vin 





lon( peak) 











loH(avg) 








lot( peak) 























Low-level average output current POo~P07, Plg~P17, P29~P27, P39g~P32, P49 ~P4o, P47, P5g, 
lot(avg) 5 mA 
P6o, P65, P63, P6s, P6s, P79~P77, P8.e, P87 
Low-level average output current P5g~P5; 15 mA 
f(Xin) External clock frequency input 25 MHz 





Note 1. Average output current is the average value of a 100ms interval. 

2. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 110mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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M37705M4BXXXSP 


ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25, f(Xin)=25MHz, unless otherwise noted) 


Parameter 











High-level output voltage PO 9~PO07, Pig ~P17, P29~P2;, 
P35, P3;, P49~P4o, P4,, 


P5o~ P5z, P6o, P6o, P63, P6s, 
P6e, P79~P77, P8e, P87 


Test conditions 








lon=—10mA 








Sp 
High-level output voltage P32 


Sener nerel Cs 


lox= —10mA 








High-level output voltage E 


mie =—10mA 




















lon= 
> oan Peete 





Low-level output voltage POg~PO7, Pig~P17, P29~P27, 
P39, P3;, P49 ~P42, P47, 
P56, P60, P62, P63, P65, P6., 
P7o~P77, P8., P87 























VoL 


Low-level output voltage P59~P5s5 





VoL Low-level output voltage P3, 


loLp=20mA 

















loL=10mA 

















VoL | 


Low-level output voltage E 


loL= 10mA 














Vr+—7Vr— 


Hysteresis TAQiw~ TA2in, TBOw, TB1in, INTo, 
INT, ADtre 





Vr+—Vr— 


Hysteresis RESET 








pe 





Vr4+-7Vr— 


Hysteresis Xin 











iT 


High-level input current POg~PO07, Plo ~P17, P29~P2,7, 
P39~P32, P4p~P 42, P47, 
P5o~P5¢, P60, P62, P63, P65, 
P65, P7o>~P77, P8., P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current POQg~P07, Plo~P17, P29~P27, 
P39~P32, P49~P42, P4z, 
P5o~P5¢, P65, P62, P63, P65, 
P66, P79 ~P77, P8., P87, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage 











i 


= 


























a 


Vi=5V 


When clock is stopped. 

















Power supply current 


Parameter 





Resolution 


Pee ree 


In single-chip mode 
output only pin is 

open and other pins 
are Vss during reset. 





(Xin) =25MHz, 
square waveform 











Tag=25C when clock 








| is stopped. 


Ta=85°C when clock 
is stopped. 





Test conditions 











Vrer= Voc 











Rapper 


Absolute accuracy 


Vrer= Voc 











Ladder resistance 


Vrer= Vcc 








tconv 


Conversion time 











Reference voltage 





Analog input voltage 
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SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


TIMING REQUIREMENTS (Vcc=5V410%, Vss=0V, Ta=25C, f(Xny.) =25MHz, unless otherwise noted) 
External clock input 


Parameter 


tc External clock input cycle time 
twiH) External clock input high-level pulse width ; 
twiL) External clock input low-level pulse width 


Limits 






Symbol 












External clock rise time 
External clock fall time 






Single-chip mode 


Limits 
Parameter 


Port PO input setup time 
Port Pi input setup time 
tsu(p20— Port P2 input setup time 





Symbol Unit 


tsu(Ppoo— 





E) 
tsu(p1D—e) 
E) 


7) 


; 60 
60 

tsu(p3D—e) Port P3 input setup time 
tsu(pap—e) Port P4 input setup time 60 
i 60 


tsu(psp—e) Port P5 input setup time 


S 
7] 





=) 
n 


Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 


” 


tsu(p6ep—E 


) 
tsu(p7D—E) 
) 


a) 
(2) 


tsu(pso—e 


Port PO input hold time 


thc e—roo) 








Port P1 input hold time 
thc e—p2pd) Port P2 input hold time 


tht e—ps3p) Port P3 input hold time . 


Port P7 input hold time 
Port P8 input hold time 


th(e—P1p) 














th(e—p7p) 





ee ee | 
Nin!|N 1M 


th(e—psp) 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAiiy input cycle time 











TAiiy input high-level pulse width 
TAiin input low-level pulse width 








Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAiin input cycle time 


TAiwy input high-level pulse width 
TAiin input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 

















Parameter 











TAin input cycle time 
tw(TAH) TAiin input high-level pulse width 











tw(TAL) TAin input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 


TAiwy input high-level pulse width 


tw(TAL) TAiy input low-level pulse width 








Timer A input (Up-down input in event counter mode) 


Symbol Parameter 


TAiourt input cycle time 2000 
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Timer B input (Count input in event counter mode) 


TBi,y input cycle time (one edge count) | 80 | 
TBijy input high-level pulse width (one edge count) | 40 | 
TBijy input low-level pulse width (one edge count) | 40 | 















to(tB) TBijy input cycle time (both edges count) 
tw(TBH) TBijy input high-level pulse width (both edges count) 


TBijy input low-level pulse width (both edges count) 





tw(TBL) 


Timer B input (Pulse period measurement mode) 


Symbol Parameter 
Min. 


TBijy input cycle time 320 


0 








TBiyy input high-level pulse width 16 
TBi,, input low-level pulse width 160 








Timer B input (Pulse width measurement mode) 
| | 


ci tame te 


se 
zo | 
non 










TBiyy input high-level pulse width 160 
TBiy input low-level pulse width 








A-D trigger input 


Parameter 











tetas ADzrc input cycle time (minimum allowable trigger) 











tw(aDL) ADrrc input low-level pulse width 125 ns 


Serial 1/O 


Symbol 


CLK; input high-level pulse width FOO. | 
















A 
© 


Sine oo Gade ee ee 
Pune o.. [nate ue 
Pigese stances a es ee 






External interrupt INTj input 


Symbol Parameter 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (vVcc=5V+10%, Vss=0V, Ta=25C, f(Xiw)=25MHz, unless otherwise noted) 


Single-chip mode 






Port PO data output delay time 


td(e—piaq) Port P1 data output delay time 





Port P2 data output delay time 








td(e—paaq) Port P4 data output delay time 
















td(e—psa) Port P5 data output delay time 








td(e—r6aq) Port P6 data output delay time 


Port P7 data output delay time 
Port P8 data output delay time 


Port P3 data output delay time 


¢, output delay time 








Symbol Parameter Test conditions 


Fig. 1 


















Fig. 1 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 


Single-chip mode 


twin) twiL) 


f(Xiw) 


m| 


Port PO output 
Port PO input 
Port P1 output 
Port P1 input 
Port P2 output 
Port P2 input 
Port P3 output 
Port P3 input 
Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 
Port P7 output 
Port P7 input 
Port P8 output 
Port P8 input 


py 


2—450 


ee, 


——"l— CB thi e—pop) 


—— td(e— P1Q) 


TN thie—p1D) 
ny td(e—p2q) 


aan thie—pap) 


ae td(e—p3q) 
|| X 


YN thie—p3p) 
td(e—psa) 
i 


7 thie—pap) | 


>! 


CL X 
iN thie—psp) 
ae tdie- atl 

wal thie—pep) 


ny td(e—p7aq) 
| CX 
tsu(b7p—E) pas 
oy th(e—p7p) 


ieee td(e—psa) 
LX 
tsu(psp—e) ea 
Ey th(e—pap) 


. . 
tQ(E— P5Q) 


a wal 


td(e—4,) tdie—4,) 
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TAiin input 


TAiout input 





tw(upc) 


TAiour input 
(Up-down input) 


in Event counter mode 


TAiin input 


(When count by falling) 
eI RRene maa 


(When count by rising) 


tw(1BH) 






TBiy input 


CLKi 
thic—a) 
| 


tsu(o-c) thic—p) 


ee LY 


te(ck) 


RxDi 


twink) 





Test conditions 

: Vec= 5 V+10% 

* Input timing voltage: V\_=1.0V, Vi4=4. OV 

* Output timing voltage * Vo, =0. 8V, Voy=2. OV 
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DESCRIPTION 

The M37705M3BXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
This single-chip microcomputer has three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This 
microcomputer is suitable for office, business and industrial 
equipment controller that require high-speed processing of 
large data. 

Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 


The M37705M3BXXXSP has the same functions as the 


M37705M4BXXXSP except for ROM size. 

Internal ROM area is in addresses 8000,, to FFFF,, for the 
M37705M4BXXXSP, in addresses A000,, to FFFF,, for the 
M37705M3BXXXSP. 

The M37705M3BXXXSP operates only in the single-chip 
mode. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Cece evecare rence reece ecrnesrecere 103 
@® Memory size 10) \\ eee 94K bytes 
RAM cececcccccctctcteerseesee esse ees 1024 bytes 
@ Instruction execution time 

The fastest instruction at 25 MHz frequency ::::-:-: 160ns 
; e Single power supply srbbie ane oes Wards MeGae ee Smee Meee eee 5V+10% 

@ Low power dissipation (at 25 MHz frequency) 
die @talnswvn ah ouaidsacale alee ura, ws 8¥oaie palarelevaubrata.g wlatevereeale,alalels ojetelatslaeare One 95mWwW (Typ.) 
a Interrupts emcee wr vee rererceeenereeeseverereeeeees 16 types 7 layals 
@ Multiple function 16-bit timer: ee 5S+3 


(Three-phase motor drive waveform or pulse motor 
drive waveform can be output. ) 


8-bit A-D converter -issrrttrtrrrtetrererrees 8-channel inputs 
12-bit watchdog timer 

Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sre 53 


PIN CONFIGURATION (TOP VIEW) 


P7,/AN, +> L1 64] +> P7>/AN7/ADtre 
P7;,/ANs +> AVss 
P7,/AN, + + Vrer 
P7;/AN, + (4) 61} = AVoc 
P7,/AN> +* [5] GO) Voc 
P7,/AN, +6) +> P8,./RxD, 
P7>/ANo +> +> P87/T xD, 
P66/TB1 iy +> 8, +> PO, 
P65/TBOin +* L9] +> PO, 
P63/INT, + [10] +> PO, 
P6./INTo + [11] +> PO; 
P6/TA4our/RTP13 +> +> PO, 
P56/TASqur/ATP1> +> +> PO; 
P5g/TA2y/U/RTPI, <> [14] +> PO, 
P§4/TA2gur/V/RTP1y +> 50] +> PO, 
P5a/TA1 y/W/RTPO3 <> [16] 49] +> Pi 
P5o/TAloyr/U/RTP0> +> 48] +> P1, 
P5,/TAQy/V/RTPO, +> [18] + PI, 
PS/TA0gur/W/RTP0) +> [19] 46] > P1, 
P4, + +P, 
P42/¢, +> 44] <> Pts 
P4,- > Pl, 
P4y > + PI, 
BYTE — [24 41] +> P2, 
CNVss 40} +> P2, 
RESET — +> P2, 
Xin > +> P2, 
Xout * + P2, 
Eo +> P2, 
Vss +> P2, 
P3. +> +> P27, 


P3, + [32] [33] +> P3o 
Outline 64P4B 


dSXXXHEWNSOLZEW 





APPLICATION 

Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


THE FUNCTIONS AND CHARACTERISTICS 
The M37705M3BXXXSP has the same functions and char- 
acteristics as the M37705M4BXXXSP except for ROM size. 
Refer to the section on the M37705M4BXXXSP. 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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M37730 GROUP 

The M37730 group is low cost and has high performance. 
This group is a general purpose microcomputer which is the 
external ROM version. 


This group internally has the following : 


ORAM sss ciciececrdcd onal uectesnid ees 1024 bytes 

OS cli al Ose acces eee eae 1 

OS it creer steed ce eae ote 6 

@Pulse output port 0.0... eee cees 4 bits X 2 channels 
FEATURES 


@Choice of external clock input frequency : 16MHz; 25MHz 
versions for all types 

@Choice of its package : 
°64-pin QFP(64P6N-A) 
*64-pin SDIP(64P4B) 


@lnternal RAM... cece ceeeeesscneneneeeeeeeeeeeeees 1024 bytes 
@Peripheral functions 
© DONE: 25. taar astbivaiecadatevthesascaudeaseaies sae onsen toned sals 25 
BINTOI PUD oreavecauss apxessscucrorccenatacuetaeats 14 types, 7 levels 
eMultiple function 16-bit timer ........... cc eeeeeeessererere eens 5+1 
*Serial I/O (clock synchronous / asynchronous) ............... 1 
°12-bit watchdog timer 
*Pulse output port ......... ce eeeeeeeeeeeees 4 bits X 2 channels 
APPLICATION 


Control devices such as HDD/ODD, Electric typewriter, Cellu- 
lar radio telephone, Cordless telephone, Radio communica- 
tion, Personal information equipment, ISDN terminal 


Type name 


Represent MELPS 7700 






M37730 group expansion 
ROM | Group name 


Memory size | | Frequency 
type | + Memory (Byte) 


identification| RAM | | RAM | 


External 
M37730S2 
i re _ ve 


@ - Now 





Package 












64-pin QFP 

(64P6N-A) 
64-pin SDIP 
(64P4B) 


%* The former 8MHz version was unified into “A” version. “A” 
version satisfies the timing requirements and the ewitening 
characteristics of 8MHz version. 


Package type 


M377 30 S 2 B fc aoe lead pitch) 


Group designation / 


Memory identification 
S :RAM(external ROM) 





Memory size identification 


External clock input frequenc 
A :16MHz 
B :25MHz 
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M37730S2AFP,M37730S2BFP 
M37730S2FP and M37730S2SP M37/30S2ASP 5 M37/730S2BSP 


are unified respectively into 
M37730S2AFP and M37730S2ASP. 


16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37730S2AFP, and M37730S2BFP are 16-bit micro- 
computers designed with high-performance CMOS silicon 
gate technology. These are housed in a 64-pin plastic 
molded QFP. These microcomputers have a large 16M 
bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The 
CPU is a 16-bit parallel processor that can also be switch- 
ed to perform 8-bit parallel processing. These microcompu- 
ters are suitable for office, business, and industrial equip- 
ment controller that require high-speed processing of large 
data. 

M37730S2ASP, and M37730S2BSP are also prepared. 
These are housed in a 64-pin shrink plastic molded DIP. 
The differences of these types are the external clock input 
frequency and package. Therefore, the following descrip- 
tions will be for the M37730S2AFP unless otherwise noted. 






Package 
64P6N 
































FEATURES 
e@ Number of basic instructions REECE ERE CeO RO er 103 
@® Memory size oF.) ccc 1024 bytes 
@ Instruction execution time 

M37730S2AFP, M37730S2ASP 

(The fastest instruction at 16 MHz frequency):::-:: 250ns 
@® M37730S2BFP, M37730S2BSP 

(The fastest instruction at 25 MHz frequency)::---: 160ns 


@ Single power supply acc iei Ni aieta 6 eitesateia: obi serecala bibvela tieieieaie eretenie’s 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 
abst gitadivavele, Wr iea.a Sataseratoere 6O0mW (Typ.) 

& Interrupts TTT Cee eer er ere eee eee ee ee ee 14 types 7 levels 
@ Multiple function 16-bit timer: S+1 
@ UART (may also be synchronous) niviieneed dademetsaaieaccamead { 
@® 12-bit watchdog timer 
@® Programmable input/output 

(ports P4, P5, P6, P8) UAeT dere eis Mes Peso a MA reales salah aaron 95 
@ Pulse output port ainssb Sie Bone SOF Oso Bo so aie ww a0 Ob aNe MANS hiae aNarwl a Ole eee 4-bitX 2 


The M37730S2AFP and M37730S2ASP satisfy the timing 


requirements and the switching characteristics of the for- 
mer M37730S2FP and M37730S2SP. 





ie] <> P6;/TA4in 


P6o/TA4oy1/RTP13 + 1] 
P5,/TA3in + 
P5¢/TA3ut/RTP12 + 
P§</TA2iy/RTP1, +> [4] 
P54/TA2qy7/RTP1 + (5) 
P5,/TA1in/RTPO, + [6] 
P50/TA1gu1/RTPO2 + 
P5,/TAOw/RTPO, < [8] 
P5o/TAQou1/RTP0, ++ [8] 
P4,/DBC* ++ [0] 
P4./VPA* «+ [11] 
P4./VDA* ++ 

P4,/QCL* 
P4,/MX* «> [14] 


P65/TBOn + 
P6,/INT> + 

P63/INT; ++ 

P6./INTy + 
P6,/TA4y 
P69/TA4oy1/RTP13 + 
P57/TA3\n + 
P56/TASoyr/RTP12 
P55/TA2iy/RTP1, > 
P54/TA2oyt/RTP19 
P53/TA1y/RTPO3 + 
P5./TA1oyr/RTPO2 
P5,/TAQi,/RTPO, 
P59/TAQout/RTPO, + 
P4,/DBC* + 
P4./VPA* + 
P4;/VDA* + 
P4,/QCL* + 
P4,/MX* +> 

oy + 

RDY — 

HOLD 

BYTE — 

CNVss > 

RESET > 


> P63/INT, 

[2] +> P64/INT>2 

PS] ++ P6s/TBOw 
Vcc 


D 
Ley 


dSdcSoeZlew 
10 


hE] + P89/CTSp/RTSo 


4o 


dSVcSOELZEW 


— P8,/CLKg 
ie] — P82/RxDog 


—+ P83/TxDo 


PIN CONFIGURATION (TOP VIEW) 


- Ai9/D3 


+> P8,/CLKo 
+> P82/RxDo 
+> P83/TxDo 
— Ao 

—_ A; 

— A, 

> A3 
>A, 

— A; 

— Ag 

> A, 

+ A;/Dg 
+ Ag/Dg 
+ Ajo/Di0 
+ Ay1/D44 
+ Aj2/D42 
+ Aji3/D43 
> Aya/Dy4 
+ Ajs/Di5 
+ Aj6/Do 
+ Aji7/D, 
++ Ai3/D2 
+ Aj0/Dz 
** A20/D4 
+ A21/Ds 
+ Ao2/Dg 
+ Ao3/Dz 
— R/W 
—> BHE 

— ALE 

— HLDA 


Outline 64P4B 


* . Used in the evaluation chip mode only 
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M37730S2AFP BLOCK DIAGRAM 


Hold 
me acknowledge Address latch Byte high Read/Write Hold request Ready Bus width 
Clock input Clock output Cech et Enable output Reset input (5V) (OV) (5V) signa enable enable output input mpul selection input 





output any ——— 


CNVss HLDA ALE BHE R/W HOLD RDY BYTE 
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Timer TA4(16) 
Timer TA3(16) 
Timer TA2(16) 


Timer TANTO) 
Timer TAO(16) | | Timer TBO(16) 










RAM 
1024 Bytes 











sng ssouppy 


UART 0(9) 


(uaag)sng eyeq 


Address higher - middler/Data(16) Address lower 


~ —63154165K58) —- —_—_—- - 


ram 2 Labi : dll - — bai hdd DEIBHAO) ddd Abdide hadesdd a = 


— “— neneianen Canna ——__—" 





Input/Output Input/Output Input/Output Input/Output Address bus/Data bus | Address bus 
port P8& port P6 port P5 port P4 
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FUNCTIONS OF M37730S2AFP 








Parameter Functions 








Number of basic instructions 

















M37730S2AFP, M37730S2ASP 

M37730S2BFP, M37730S2BSP 
Memory size RAM 

: 

P5, P6 
P4 
P8& 
TAO, TA1, TA2, TA3, TA4 


250ns (the fastest instruction at external clock 16MHz frequency) 








Instruction execution time 





160ns (the fastest instruction at external clock 25MHz frequency) 
1024 bytes . 

8 -bitX 2 
5 -bitX 1 
4 -bitX 1 
16-bitX 5 
16-bitX 1 
Serial |/O (UART or clock synchronous serial 1/0) X 1 
Watchdog timer 12-bitX 1 



































Input/Output ports 




























Multi-function timers 




















3 external types, 11 internal types 


Interrupts 
adie (Each interrupt can be set the priority levels to 0 ~ 7.) 





Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 
60mW(at external clock 16MHz frequency) 

















Supply voltage 





Power dissipation 










Input/Output voltage 





Input/Output characteristic 





Output current 




















Memory space 16M bytes 


Operating temperature range —20~85° 


Device structure CMOS high-performance silicon gate process 
a M37730S2AFP, M37730S2BFP 64-pin plastic molded QFP 
ackage 
7 M37730S2ASP, M37730S2BSP 64-pin shrink plastic molded DIP 



















APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, personal 
computers, and HDD 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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PIN DESCRIPTION 


Voc, Vss Power supply 
CNVss CNVss input 


; Reset input 


XIN Clock input 
Xourt Clock output 


Functions 


> 
ao) 
Cc 
mal 
~ 
Oo 
Cc 
—_ 
as) 
Cc 
onal 


Supply 5 V+10% to Vcc and 0 V to Vss. 


Connect to Vec. 















ps ] 
m 
” 
m 
+ 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xiy pin 


and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


Enable output 


This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
“L” signal inputs and 8 bits when “H” signal inputs. 


This pin outputs the clock ¢, which is divided the clock to Xj pin by 2. 


This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is “L”. 


Bus width selection input Input 





Clock output 


Hold request input 








Input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is 
fE”. vu 


3 2 
S 5 
2 


This is an output pin for HLDA signal, indicates the hold state. 


a a 
- 
Oo 
> 


Hold acknowledge output 





“H” indicates the read status and “L” indicates the write status. 


‘ 








Read/Write output Output 
Byte high enable output} Output 


ALE Address latch enable Output 
output 


R/ 
BHE “L” is output when an odd-numbered address is accessed. 





This is used to retrieve only the address data from address data and data multiplex signal. 








Address (low-order) Address (A7~Ao) is output. 


output 


Output 






> 

6 
i 

> 

s : 


> 
co 
~ 
© 
tos) 
Y 


Address (middle-order) 1/0 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Djs~ Dg) is input or 
Ais/D45 output/Data (high-order) output when E output is “L” and an address (A;s5~Ag) is output when E output is “H”. In case the BYTE pin 
1/0 is “H” and an external data bus is 8-bit width, only address (A;s~Ag) is output. 





1/0 Low-order data (D7~Dg) is input or output when E output is “L”, and an address (Ao3~Ai6) is output when 
E output is “H”. 


Ai6/ Do~ 
Az3/D7 


1/0 
P43~P4, 1/0 port P4 1/0 Port P4 is a 5-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 


P5o~ P57 1/O port P5 1/0 Port P5 is a 8-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 
These pins also function as |/O pins for timer AO, timer A1, timer A2 and timer A3. 


P69~ P67 1/O port P6 . 1/O In addition to having the same functions as port P5, these pins also function as |/O pins for timer A4, exter- 
nal interrupt input INTo, INT; and INT2 pins, and input pin for timer BO. 

P89~P83 I/O port P8 /O Port P8 is a 4-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS/RTS 
pins for UARTO. 


Address (high-order) 
output/Data (low-order) 
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BASIC FUNCTION BLOCKS 

The M37730S2AFP contains the following devices on a 
chip: RAM for storing data, CPU for processing, bus inter- 
face unit (which controls instruction prefetch and data 
read/write between CPU and memory), timers, UART, and 
other peripheral devices such as I/O ports. Each of these 
devices are described below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0;, to FFFFFF,.. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 04.6 to FF4.. 

Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank 04g. 


0000001. ~~ 900000;5 
00007F 1. 
000080,, 

i 





Addresses FFDC,,¢ to FFFFi, are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 1024 bytes area from addresses 801, to 47F,,. contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0;, to 7F,, are peripheral devices 
such as I/O ports, UART, timer, and interrupt control regis- 
ters. 

A 256 bytes direct page area can be allocated anywhere in 
bank 01, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


Peripheral devices 
control registers 


Bank 046 i 
( | see Fig. 2 for 
OOFFFF,. | Internal RAM further information 
010000,, ~~ 1024 bytes 
i \ 
1 | 
panier | | \ 00047F,, 
\ 
O1FFFFig Poo J \ 
; i I \ 
I [2 
Hl [ \ 
e L \ 
an | T \ 
- I | \ 
, l | \ 
e | | i 
een ieee \ 
FE0000;, = : \ 
| | \ 
Bank FE, j i \ 
| | \ 
FEFFFF, J \ 
FF0000,, i \ 
Bank FF | 
aU EE | { OOFFDC4, 
I | \l 
Salle 2) ee ee eS J OOFFFFig 1. 
[___] : internal 
ne > External 


Fig. 1 Memory map 
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Address (Hexadecimal notation) | Address (Hexadecimal notation) 








































- 000000 000040 
000001 000044 | 
000002 000042 
000003 000043 | 
000004 000044 
000005 000045 [oo 
QOOU06 o0C046 . 
00007 [| OCO™SCS ooo047 | Timer A0 

000009 000049 

00000B 00004B 

00000D 00004D 

00000E 00004E | Tor Ad 

ooododoeF | s—“(Csi‘CSSSCisd 00004F 

000010 000050 | +, Bo 

000011 | 000051 

00013 fo 000053 

000014 000054 

o000is | 000055 

000016 eae ae ae, 000056 Timer AO mode register 

000017 Pa ee eae 000057 Timer A1 mode register 

000018 | 000058 
000019 | 000059 
ooodo1A | 00005A 
0001s | 00005B 
00001D 00005D 

00001E He QO005E | Processor mode register . 
00001F OOOOSF | 
000021 000061 
oo0023 | —s—CSsSCsdzY 000063 

000024 {| 000064 
000025 fo 000065 
000026 + ooooss | 
000027 ooo0e7 | 
oo0028 {[ ooo0es | ——s—“‘i‘“‘sd”d 
oo0029 | ooo0s9 {| 
oo0028 | 00006A 

oooozc jo 00006C 

oo002D {| oo0eD {| 
oo002ze | ooooseE | —(Csi—‘CSsSSsSr 
00002F ft 00006F 

000030 000070 

000031 000071 UARTO transmission interrupt control register 
000032 000072 UARTO receive interrupt control register 
000033 000073 

000034 000074 ff 
000035 000075 Timer AO interrupt control register 

000036 ; . ; 000076 Timer A1 interrupt control register 

000037 UART Orecelve buffer register 000077 Timer A2 interrupt control register 

0000gc8 jf 000078 
000039 Sena 000079 
00003A 00007A 
00003B Se o0007B | 
00003C oooo7ve | 
o0003sD | 00007D 
ooo0seE [| 00007E 
oo00sF [| 00007F 


Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 
Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more _ instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


7 0 
Program bank register PG 


7 


Data bank register DT 


Fig. 3 Register structure 





In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 
‘Overfiow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


‘PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
' bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FF011, or greater, the direct page 
area spans across bank 01, and bank 14.. All direct addres- 
' sing modes use the contents of the direct page register 
(DPR) to generate the data address. If the low-order 8 bits 
of the direct page register (DPR) is “00;.”, the number of 
cycles required to generate an address is minimized. Nor- 
mally the low-order 8 bits of the direct page register (DPR) 
is set to “004,”. | 


PROCESSOR STATUS REGISTER (PS) 
Processor status register (PS) is an 11-bit register. It con- 
sists of a flag to indicate the result of operation and CPU 
interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 
with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (|) 

When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when these is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “OQ” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “O”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and + 32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 


The negative flag is set when the result of arithmetic op- 


eration or data transfer is negative (If data length flag m is | 


“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency f(x,,) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 





Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(1) and (2). | 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to “L”. (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. 

The signals Aj and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. 

The bit 2 of processor mode register (address 5E,,) is the 
wait bit. When this bit is set to “0”, the “L” width of E signal 
is 2 times as long when accessing an external memory 
area. However, the “L” width of E signal is not extended 
when an internal memory area is accessed. When the wait 
bit is “1”, the “L” width of E signal is not extended for any 
access. Waveform (3) is an expansion of the “L” width of E 
signal in waveform (1). Waveform (4),(5), and (6) are ex- 
pansion of each “L” width of E signal in waveform (2), first 


Access 
half of waveform (2), and the last half of waveform (2) re- mall Rececs D2hyisl ABcese even aeeoeseda 
spectively. simultaneously| address 1-byte | address 1-byte 


| BHE | 


A . Address 
D : Data 
 Ai/Dj indicates multiplex 1/O pin with address data and data. 








Fig. 5 Relationship between access method and 
signals Ay and BHE . 
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Instruction code read, data read, and data write are de- 
scribed below. 

Instruction code read will be described first. 

The CPU obtains instruction codes from the _ instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS 


The priority of interrupts when multiple interrupts are 


Table 1 shows the interrupt types and the corresponding 
interrupt vector addresses. Reset is also treated as a type 
of interrupt and is discussed in this section, too. 

DBC is an interrupt used during debugging. 

Interrupts other than reset, DBC, watchdog timer, zero di- 
vide, and BRK instruction all have interrupt control regis- 
ters. Table 2 shows the addresses of the interrupt control. 


caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 


Table 1. Interrupt types and the interrupt vector 
addresses 


Interrupts Vector addresses 


UARTO transmit OOFFDC,, OOFFDDi. 
UARTO receive OOFFDE,, OOFFDFi.¢ 
Timer BO OOFFE4,, OOFFESi¢ 
Timer A4 OOFFE6,, OOFFE7 46 
Timer A3 OOFFE8,, OOFFE9i., 
Timer A2 OOFFEA,, OOFFEB;, 
Timer A1 OOFFEC,, OOFFED;., 
Timer AO OOFFEE,, OOFFEFi¢ 


: ; INT, external interrupt OOFFFO OOFFF1 
an interrupt at the input level (level sense) or at the edge eee oe is We 
( d ) b lected with ane: | | jis INT, external interrupt OOFFF2,, OOFFF3;. 

ical aiaaie ey aaa aces o eee eee . ge INTo external interrupt OOFFF4,, OOFFF5i¢ 
sense selection bit. Furthermore, the polarity of the inter- Watchdog timer OOFFF6,,  OOFFF716 
rupt input can be selected with polarity selection bit. DBC (unusable OOFFF8,,  OOFFF9,< 
Timer and UART interrupts are described in the respective Break instruction OOFFFA,,  OOFFFB;, 


section. OOFFFC,, OOFFFDi¢ 
OOFFFE,, OOFFFFi¢ 


registers and Figure 6 shows the bit configuration of the in- 
terrupt control register. | 

Use the SEB and CLB instructions when setting each inter- 
rupt control register. 

The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an _ interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT. to INT are external interrupts and whether to cause 














Zero divide 





Reset 





Interrupt priority 


Interrupt request bit 
0 : No interrupt 
‘1 ‘Interrupt 


Interrupt control register configuration for UARTO, timer A4 to timer AO, and timer BO 


TO on Aa 2 oO 


an 


Interrupt priority 


Interrupt request bit 
0 : No interrupt 


1° Interrupt 
Polarity selection bit 
0 : Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 
1: Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. 
Level sense/edge sense selection bit 
0 : Edge sense . 
1 : Level sense 


Interrupt control register configuration for INT2~INTo. 





Fig. 6 Interrupt control register configuration 
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Table 2. Addresses of interrupt control registers 


Interrupt control registers 


UARTO transmit interrupt control register 000071. 








UARTO receive interrupt control register 
Timer AO interrupt control register 0000754. 
0000764, 
00007716 


0000781, 


Timer A1 interrupt control register 





Timer A2 interrupt control register 
Timer A3 interrupt control register 
Timer A4 interrupt control register 
Timer BO interrupt control register 





INT interrupt control register 


00007D4¢ 
000071. 
00007F 6 





INT, interrupt control register 


Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 
Other interrupts previously mentioned are UART, Timer, 
INT interrupts. The priority of these interrupts can be 
changed by changing the priority level in the corresponding 
interrupt control register by software. 
Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 
This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag |. 
When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. 
Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “O” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 
Therefore, multi-level priority interrupts are possible by re- 
setting the interrupt disable flag | to “O” and enable further 
_ interrupts. 
For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 









Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


® QO © ® 
Deeg fe Ot te ee gh 


| | jWatchdog! | ——— 
| yi eye = ] timer BC 
J : 
UART, Timer, INT interrupts 


Priority can be changed with software inside @ 


Fig. 7 Interrupt priority 


Level 0 


UARTO transmit 
Interrupt request UARTO receive 
Timer BO 
Timer A4 
|_Reset | Timer A3 

Timer A2 

Timer At 


Timer AO 


z 
— 
nN 


Watchdog 
timer 


"| 
ony a 


<<< KIKI-RIEKGX< 


ame’ & Dp Dip 


Interrupt disable flag | 


[\ 


Fig. 8 Interrupt priority resolution 
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As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after. the currently 
executing instruction has been completed. 

The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,,) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to “0O0,;,” and therefore, the longest time is 
selected. 

However, the shortest time should be selected by software. 


Internal clock ¢ 


Table 3. Value set in processor interrupt level (IPL) 
_ during an interrupt 


Interrupt types Setting value 
OG nae ce ee ee cee | 


FA 
Watchdog timer 
Zero divide Not change value of IPL. 
BRK instruction 


Not change value of IPL. . 


Table 4. Relationship between priority level resolution 
time selection bit and number of cycles 


Priority level resolution time selection bit 
- Number of cycles 


7 cycles of ¢ 
1 4 cycles of ¢ 
0 2 cycles of ¢ 


¢ : internal clock 



































ee Ea re a ee 


Operation code fetch vie [| | =f Lo 


Sampling pulse 


Priority resolution time 
Select from 0 to 2 with bits 
4 and 5 of the processor 


mode register 


| Fig. 9 Interrupt priority resolution time 





7 6 5 4 3 2 +1 =O 
Pee we th ot. ae Processor mode register(5E,¢) 


Processor mode bits 
0 : Microprocessor mode 
1 : Evaluation chip mode 
Must be “1” 
(It is set to “1” after a reset) 
Wait bit 
0 : Wait 
1 : No wait 
Software reset bit 
The processor is reset when this bit is set to “1”. 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
01 : Select 1 in Figure 9 
10 : Select 2 in Figure 9 
Test mode bit 
Must be “0” 





Fig. 10 Processor mode register configuration 
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TIMER 

There are six 16-bit timers. They are divided by type into 
timer A(5) and timer B(1). 

The timer !/O pins are shared with |/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i=0 to 4). Each of these modes is de- 
scribed below. 


fo fhe f30 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “O”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “0”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the: 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


fea fs512 


Clock source selection 

* Timer 

* One-shot 

¢ Pulse width moaulaton 


13.5 
fig —O 


fea —O 


Timer( gate function) 
© 


—— Ey 


Polarity Event counter 


selection 


External trigger 


Down count 


Count start flag 


(40,6) 


in 


Data bus (even) pone aan 


Reload register(16) 


HUY 


Counter(16) Addresses 


Up/Down TimerA0 4715 4616 


Fee decremented eas 4916 4816 


except in event count mode 
P TimerA2 4Bie 4Asg 


6 TimerA3 4Di¢ 4Cig 


TimerA4 4Fi5 4E:6 


Up-down flag O 


(44,6) 


Pulse output 


Toggle flip-flop 


Fig. 11 Block diagram of timer A 











9 MITSUBISHI 
ELECTRIC 


2—47] 


MITSUBISHI MICROCOMPUTERS 


 M37730S2AFP,M37730S2BFP 
 M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigur pin. The output is toggled each 
time the contents of the counter reaches to 0000,.. When 
the contents of the count start flag is “O”, “L” is output from 
TAiour pin. 

When bit 2 is “0”, TAinyr can be used as a normal port pin. 
When bit 4 is “0”, TAi,, can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAi;, pin is “H” or “L” as shown in Fi- 
gure 14. Therefore, this can be used to measure the pulse 
width of the TAijy input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAijy pin input 





signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAi,, pin must be 
two or more cycles of the timer count source. 

When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of © 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5746 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


: No pulse output (TAioyr is normal port pin) 


: Pulse output 


: No gate function (TAijy is normal port pin) 


- Count only while TAijy input is “L” 


: Count only while TAijy input is “H” 


: Always “0” in timer mode 


Clock source selection bit 
00 : Select f2 
01 : Select fi. 


10 ° Select fea 


1 : Select fs. 


Fig. 12 Timer Ai mode register bit configuration during timer mode 
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Count start flag Address 
A0x6 


(Stop at “0”, Start at “1") 


Timer AO count start flag 
Timer A1 count start flag 
Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 


Timer BO count start flag 





Fig. 13 Count start flag bit configuration 


Selected clock source fj 


7 es Sere ees len 


Timer mode register 
Bit 4 Bit 3 


ee 


Timer mode register 


Bit 4 Bit 3 ; 
YUU UU 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. 

The input signal from the TAijy pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “0”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAigyr pin. 


When bit 4 of the timer Ai mode register is “0”, the up- | 


down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “0” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAioyy pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “0” if bit 4 is “1” because if bit 2 is “1”, TAigur pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 


TAiour pin is “L” and incremented when it is “H”. Deter-. 


mine the level of the input signal from the TAigyr pin be- 
fore valid edge is input to the TAiy pin. 

An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000,, (decrement count) or 
FFFF,. (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
- count is continued. 

When bit 2 is “1” and the counter reaches 0000,, 
(decrement count) or FFFF1,_ (increment count), the wave- 
form reversing polarity is output from TAioyrz pin. 

If bit 2 is “0”, TAigyr pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAigur pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “O” unless the output from 
| the TAiour pin is to be used to select the count direction. 
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Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 1 : Always “01” in event counter mode 


- No pulse output 
- Pulse output 


: Count at the falling edge of input signal 
: Count at the rising edge of input signal 





: Increment or decrement according 
to up/down flag 
: Increment or decrement according 





to TAigur pin input signal level 


- Always “0” in event counter mode 


- Not used in event counter mode 





Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 


Address 
4416 


76543210 
Up-down flag 


Timer AO up-down flag 
Timer A1 up-down flag 


—Timer A2 up-down flag 





Timer A3 up-down flag 


eee ee A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
- Two-phase pulse signal processing 
mode 


Timer A3 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 





Fig. 16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase puise input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjin pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAky pin after the level of TAkoyr (k= 2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4our pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “0”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,5) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


Addresses 
Timer A2 mode register 5846 


Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


01 : Always “01” in event counter mode 


0 100 : Always “0100” when processing 
two-phase pulse signal 


edge of the TA4oyr7 pin and TA4,y pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4i:y pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4, pin and TA4oyr 
pin. When performing this two-phase pulse signal proces- 


XX : Not used in event counter mode 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode 


(k=2, 3) 


Increment- Increment- Increment- Decrement- Dccrement- Decrement- 
coum count count count count count 





Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 


Increment-count at each edge Decrement-count at each edge 


Nc ey 
Decrement-count at each edge 


ee | 
Increment-count at each edge 


Fig..18 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode (10) 

Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “0” and bit 1 and bit 2 must : RiMeDAy MOdG TegINek” -ahse 
be “1”. Timer A2 mode register 5816 


Addresses ~ 
Timer AO mode register 5646 


The trigger is enabled when the count start flag is “1”. The Timer A3 mode register 5916 
trigger can be generated by software or it can be input 
from the TAij,y pin. Software trigger is selected when bit 4 
is “O” and the input signal from the TAij, pin is used as the 
trigger when it is “1”. 

Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “O” and at the rise of the 
trigger signal when it is “1”. 


Timer A4 mode register 5Ai6 


: Always “10” in one-shot pulse mode 


: Always “1” in one-shot pulse mode 


: Software trigger 


- Trigger at the falling edge of TAiy 





Software trigger is generated by setting the bit in the one- input 
shot start flag corresponding to each timer. : Trigger at the rising edge of TAin 
Figure 21 shows the bit configuration of the one-shot start input 
flag. ee - Always “0” in one-shot pulse mode 





As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 0000;., the TAigyr pin 


Clock source selection 





goes “H” when a trigger signal is received. The count yer pelect 

direction is decrement. 01 : Select fre 

When the counter reaches 0001;,¢, The TAigy7 pin goes “L” 10 : Select fea 

and count is stopped. The contents of the reload register is i ie Select ferz 

transferred to the counter. At the same time, an interrupt 

request signal is generated and the interrupt request bit in Fig. 20 Timer Ai mode register bit configuration during 
the timer Ai interrupt control register is set. This is repe- one-shot pulse mode 


ated each time a trigger signal is received. The output 
pulse width is 
1 
pulse frequency of the selected clock ae 
X(counter’s value at the time of trigger). verre ee 

If the count start flag is “O”, TAinur goes “L”. Therefore, the One-shot start flag 4e16 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start Timer AO one-shot start flag 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value Timer A4 one-shot start flag 
is decremented. | 
Except when retriggering while operating, the contents of Fig. 21 One-shot start flag bit configuration 
the reload register is not transferred to the counter by trig- 
gering. 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. 
Undefined data is read when timer Ai is read. 





Timer A1 one-shot start flag 


Timer A2 one-shot start flag 


Timer A3 one-shot start flag 
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Selected clock 
source fj 


TAin 
(in case of the 


rising edge) 


TAiout | | | | 


Example when the contents of the reload register is 0003,, 





Fig. 22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAin h | k | 


(in case of the 
rising edge) 


TAiour eet ( ttit‘“‘s;*sSCt 


Example when the contents of the reload register is 0004.6 





Fig. 23. Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAijy pin (external 
trigger). 

The software trigger mode is selected when bit 4 is “0”. 
Pulse width modulator is started and pulse is output from 
TAigur when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAij, pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 

When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. 

Then when the time Ai start flag is set to “1” and a software 
trigger or an external trigger is issued to start modulation, 
the waveform shown in Figure 25 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 





1 
selected clock frequency xm 
and the output pulse period is 
a 1 ‘ 
X(2'°—1). 





selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. . 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 
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order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000. 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. | 


Addresses 
Timer AO mode register 5646 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5946 


Timer A4 mode register 5Ai6 


- Always “11” in pulse width modulation 
mode 


- Always “1” in pulse width modulation 
mode 


- Software trigger 


- Trigger at the falling of TAiwy input 


- Trigger at the rising of TAij, input 


: 16 bit pulse width modulator 


: 8 bit pulse width modulator 





Clock source selection bit 
00 : Select f, 
01 ° Select fig 
10 : Select fe, 


1 1 : Select fsi2 





Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, 
the period of the generated pulse is 
| 
selected clock frequency X(n+1). 
The high order 8-bit function as an 8-bit length pulse width 
modulator using this pulse as input. The operation is the 
same as for 16-bit length pulse width modulator except that 


the length is 8 bits. If the high order 8-bit of the reload reg- 
ister is m, the duration “H” of pulse is 


1 
selected clock frequency X(n +1) X m. 





And the output pulse period is 
1 
selected clock frequency 





X(n +1) X (28-1). 


1/f|X (2'©—-1) 


— 


Selected clock 
source fj 


Ln i 
i 
i 
J 
| | 


TAiin 


(in case of the 
rising edge) 


| 
~~ This trigger is not accepted 


1/f]X (n+1) X (28-1) 


Selected clock 
source fj 


| 
| 
| 
TAin, | | 
| 
| 


| 
| 
| 
| 
(in case of the falling edge) } | 
t 
| 
| 
| 





| 
ete hey 
| | | 


Prescaler output 


(when n =2) 
| 


| 
| 





a 
isos 


Se nS Cen) 


8-bit length pulse 
width modulator 
output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1 of the timer 
BO mode register. Each of these modes is described 
below. 

(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer BO mode 
register during timer mode. Bits 0, and 1 of the timer BO 
mode register must always:be “0” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “O”. 


Clock source selection 
* Timer 


f. —O 
fig —Oo N width measurement 
fea —-O 
fs12 ——O 

Polarity selection Event counter 


and edge pulse O 
generator 


TBO () 


¢ Pulse period measurement/pulse 


As shown in Figure 13, the timer BO count start flag is at the 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer BO interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer BO does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer BO halted, it is written to the 
reload register and the counter. When data is written to 
timer BO which is busy, the data is written to the reload 
register, but not to the counter. The counter is reloaded 
with new data from the reload register at the next reload 
time. The contents of the counter can be read at any time. 


| (Higher 8 bits) 


. Reload register(16) 


Addresses 


Counter(16) Timer BO 5146 5046 


Count start flag 


(40,6) 


Counter reset 


circuit 





Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 

Figure 29 shows the bit configuration of the timer BO mode 
- register during event counter mode. In event counter mode, 

the bit 0 in the timer BO mode register must be “1” and bit 

1 must be “0”. 

The input signal from the TBO, pin is counted when the 

count start flag is “1” and counting is stopped when it is “O”. 

Count is performed at the fall of the input signal when bits 

2, and 3 are “OQ” and at the rise of the input signal when bit 

3 is “O” and bit 2 is “1”. 

When bit 3 is “1” and bit 2 is “0”, count is performed at the 

rise and fall of the input signal. 

Data write, data read and timer interrupt are performed in 

the same way as for timer mode. 

(3) Pulse period measurement/pulse width 

measurement mode (10) 

Figure 30 shows the bit configuration of the timer BO mode 

register during pulse period measurement/pulse width 

measurement mode. 

In pulse period measurement/pulse width measurement 

mode, bit 0 must be “0” and bit 1 must be “1”. Bits 6 and 7 

are used to select the clock source. The selected clock is 

counted when the count start flag is “1” and counting stops 

when it is “O”. 

The pulse period measurement mode is selected when bit 


3 is “O”. In pulse period measurement mode, the selected . 


clock is counted during the interval starting at the fall of the 
input signal from the TBO, pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 

When bit 2 is “O”, the clock is counted from the fall of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 

In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBO,, pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 








Addresses 
Timer BO mode register 5Bi, 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 


xX  : Not used in timer mode 





Clock source selection bit 
00 : Select f, 


01 : Select fig 
10 : Select fe, 
i es Select f512 


Fig. 28 Timer BO mode register bit configuration dur- 
ing timer mode 


Addresses 
Timer BO mode register 5B, 


0 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal 
: Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 





XX X : Not used in event counter 
mode 


Fig. 29 Timer BO mode register bit configuration dur- 
ing event counter mode 
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Addresses 
Timer BO mode register 5Bi. 


1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

0 1 : Count from the rising edge of 
input signal to the next rising one 

1 0 : Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 

Timer BO overflow flag 

Clock source selection bit 

00 : Select fz 

01 : Select fi, 

10 : Select fg, 

1 1 : Select fs10 


Fig. 30 Timer BO mode register bit configuration dur- 
ing pulse period measurement/pulse width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer BO interrupt control regis- 
ter is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBO,, pin input signal to the 
next rise or from the rise of the input signal to the next fall 


Selected clock 
source fj 


as shown in Figure 32. 

When timer BO is read, the contents of the reload register 
is read. | _ 
Note that in this mode, the interval between the fall of the 
TBO, pin input signal to the next rise or from the rise to the 
next: fall must be at least two cycles of the timer count 
source. 

Timer BO overflow flag which is bit 5 of timer BO mode reg- 
ister is set to “1” when the timer BO counter reaches 
0000,.. This flag is cleared by writing to corresponding tim- 
er BO mode register. This bit is set to “1” at reset. 


Reload register — counter i 


Counter+-0 | | | | 


Count start flag | 


Interrupt request Sigma | 





Fig. 31 
next falling one) 


Selected clock 
source fj 


Reload register — Counter 


Counter+-0 





Pulse period measurement mode operation (example of measuring the interval between the falling edge to 


! 
| 
| 
| 
Count start flag | 

| 
| 
| 
] 


Interrupt request signal ie | eae | (ee | al 


Fig. 32 Pulse width measurement mode operation 
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Pulse output port mode 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 
bit (bit 0, bit 1) of waveform output mode register (6216 
address) shown in Figure 34. When bit 0 of waveform out- 
put selection bit is set to “1”, ports P69, P5g, P55 and P5, 
are used as pulse output ports (RTP1 selected), and when 
bit 1 of waveform output selection bit is set to “1”, ports 
P53, P52, P5;, and P59 are used as pulse output ports 
(RTPO selected). When bits 1 and 0 of waveform output 
selection bit are set to “1”, ports P69, P5g, P5s, and P54, and 
ports P53, P52, P5; and P59 are used as pulse output ports 
(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/output. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 35 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. 

Data can be set in each bit of the pulse output data regis- 


Pulse width modulation selection bit 
(Bit 4, 5 of 62,. address 


) 
Pulse width modulation output S cL 


by timer A3 


O 
Pulse width modulation output > 
by timer A1 Pe. 0 


Pulse output data 
register 1 (64, address) 4 


= f= 
a 


ae 

SD, 

Se 

ie Mees 
3. 

i ool . 


Pulse output data 
register 0 (65. address) 


Fig. 33. Block diagram for pulse output port mode 





ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64,, address) correspond- 
ing to ports P6>, P5g, P5s and P5, is output to the ports 
each time the counter of timer A2 becomes 0000... The 
contents of the pulse output data register 0 (low-order four 
bits of 65,;. address) corresponding to ports P53, P55, P5;, 
and P5p is output to the ports each time the counter of tim- 
er AO becomes 0000;¢. 

When “0” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000;., and when “1” is written, “H” level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 00004.. 


Waveform output control bit 
(Bit 7 of 62,, address) 


Reset 


©) P6y (RTP13) 
() P5g (RTP1,) 


C) P55 (RTP1,) 
( ) P54 (RTP 19) 


C) P53 (RTPO3) 
( ) P52 (RTPO2) 
( ) P5, (RTPO,) 
( ) P59 (RTPOo) 


Polarity selection bit 
(Bit 3 of 62,, address) 





re 
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Ports P69, P5g, P5s; and P5, are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports P53, P52, P5; and P5 9 are applied pulse width mod- 
ulation by timer A1 by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

The contents of the pulse output data register 0 can be re- 
versed and output to pulse output ports P53, P5., P5, and 
P5o by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is “0”, 
the contents of the pulse output data register 0 is output 
unchangeably, and when “1”, the contents of the pulse out- 
put data register 0 is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 7 

Figure 37 shows example of waveforms in pulse output port 
mode. 

Ports selecting the pulse output port mode can control out- 
put by the waveform output control bit (bit 7) of the wave- 
form output mode register (62,, address). 

When the waveform output control bit is set to “1”, a wave- 
form is output from the port. When this bit is set to “0”, 
waveform output from the port is stopped and the port is 
placed in floating state. 

This bit can be set to “O” by instructions, by inputting a fall- 
ing edge to the INTo pin, or reset. 


Address 


Weveform output mode register 6246 


Waveform output selection bit 
0 0 : Parallel port 

0 1 : RTP1 selected 

1 0 : RTPO selected 

1 1 : RTP1 and RTPO selected 


Polarity selection bit 

0 : Positive polarity 

1 : Negative polarity 

Pulse width modulation selection bit 
by timer A1 

0 : Not modulated 


] : Modulated 
Pulse width modulation selection bit 
by timer A3 


0 : Not modulated 

1 : Modulated 

Waveform output control bit 

0 : Waveform output inhibited 
1 : Waveform output enabled 


Fig. 34 Waveform output mode register bit configura- 


tion 








Address 


as AO mode register its) 


Timer A2 mode register 5816 


Always “100” in pulse output 
port mode 


Not used in pulse output port mode 
Always “00” in pulse output port mode 


Clock source selection bit 


00 : Select fz 

01 : Select fi. 
10 : Select fea 
11 : Select fs12 


Fig. 35 Timer AO, A2 mode register bit vugereeen in 
pulse output port mode 


Address 


Pulse output data register 1 6416 
Pulse output data bit of port P5, 
Pulse output data bit of port P5, 
Pulse output data bit of port P5,¢ 


Pulse output data bit of port P6> 


Address 
Pulse output data register 0 6546 


Pulse output data bit of port P5p 


Pulse output data bit of port P5, 


Pulse output data bit of port P5, 


Pulse output data bit of port P5, 


Fig. 36 Pulse output data register bit configuration 
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Example of pulse output port (port P69, P5.¢, P55, P5,) 
Output signal at each time 


when timer A2 becomes 0000,.,. nl fl fl fl fl fl fl fl 


Port P6 | | 

Port P5¢ | | 

Port P55 | | 

Port P5, | | 


Example of pulse output port (port P6o, P5., P55, P54) when pulse width modulation is applied by timer A3. 


Output signal at each time 


when timer A2 becomes 0000, fl f] i fl fl fl fl f] 


Port P65 LLL UL 


Port P5, ] | | | | | | | | 


Example of pulse output port (port P53~P5,) when pulse width modulation is applied 
by timer A1 with polarity selection bit=“1”. 


Output signal at each time 


wnentimer AO becomes 000 pL CC 


Port P53 | LLU a 
fies LULU | 
Port P5, UUUUUUUUY 

Port P59 LULU UU 


Fig. 37 Example of waveforms in pulse output port mode 
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SERIAL I/O PORTS 

One serial 1/O port is provided. Figure 38 shows a block 
diagram of the serial |/O port. 

Bits 0, 1, and 2 of the UARTO Transmit/Receive mode reg- 
ister shown in Figure 39 are used to determine whether to 
use port P8 as parallel port, clock synchronous serial I/O 
port, or asynchronous (UART) serial 1/O port using start 


and stop bits. 

Figures 40 and 41 show the connections of receiver/trans- 
mitter according to the mode. 

Figure 42 shows the bit configuration of the UARTO trans- 
mit/receive control register. 

Each communication method is described below. 


Data bus(odd) 


Data bus(even) 


10/0/0/0{0{0] 0 [DslD7|Ds|Ds|Ds|D3/D2|D,]Do] Receive buffer register 


UART0(37;6, 3616) 


Receive register 


UART receive 


1/16 Divide 
© 
Clock synchronous,--© | 


Bit rate 
generator 


Clock source selection 
UART0(3116) 


fe 
fig -—O 


1/16 Divider 


—o 


Internal 
fea -o 


1/2 Divider 


Clock synchronous 
(Internal clock) 


fs512—o 


External 


CLKo( ) 


CTSo/RTSo 


Fig. 38 Serial |1/O port block diagram 


1 Q 
UART 0 Transmit/Receive mode register 


0 0 0 : Parallel port 
: Clock synchronous 
: 7-bit UART 
: 8-bit UART 
110 : 9-bit UART 
~ Internal clock/External clock selection bit 
0 : Internal clock 
1 = External clock 
Beane 2S StGS bit length selection bit 
0 : 1 stop bit 
1: 2 stop bits 
Even/Odd parity selection bit 
0 : Odd parity 
1 : Even parity 
Parity enable selection bit 
0 : No parity 
1: With parity 
Sleep selection bit 
0 : No sleep 
1 : Sleep 





























0 


UART transmission 


Clock synchronous 


Clock synchronous 
(Internal clock ) 
© 





Serial communication method selection bit 





Receive 
control 
circuit 


Receive clock 


Transmission clock 


Transmissio 
Oteontrol circui 
TxDo 


Transmission register & 


O 
Clock synchronous 


(External clock } nck 
Transmission 


DaDr1De[De[De)PslDe[D1]04 buffer register 


2) UARTO(33y6, 3246) 


Data bus 
(odd) 


Data bus(even 


Addresses 


3016 


Fig. 39 UART 0 Transmit/Receive mode register bit configuration 
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- Data bus(odd) 


Data bus( even 


Poe te Te lete Toei pete pe Pete Te Te Ngee 


leah e ; mi mi Receive 


register 


2 stop bit 


Stop kb 
bit 





1 stop bit ee 7 bit 
Sireivriows 


Synchronous 





Fig. 40 Receiver block diagram 


. Data bus( odd 


Data bus(even) 


[De | Taree err buffer register 


2 stop bit . i 
. abit CO) 
bit bit Io 


QNo O 
parity 


Transmission register 
1 stop bit Synchronous 


“Q” 





Fig. 41. Transmitter block diagram 


Addresses 
UART 0 Transmit/Receive control register 0 3416 


Clock source selection bit 
0 0 : Select f, 
01 : Select fi. 
10 : Select fe, 
11 : Select fs512 


CTS, RTS Selection bit 
0 : Select CTS 
1 : Select RTS 


Transmission register empty bit 


oe a | 
7 6 Addresses 


UART 0 Transmit/Receive control register 1 3546 
Transmit enable flag 
Transmit buffer empty flag 
Receive enable flag 
Receive completion flag 


- Overrun error flag 
Framing error flag 
Parity error flag 
Error sum flag 





Fig. 42 UART 0 Transmit/Receive control register bit configuration 





MITSUBISHI _ 
ELECTRIC owe 


MITSUBISHI MICROCOMPUTERS 


 M37730S2AFP,M37730S2BFP 
 M37730S2ZASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





CLOCK SYNCHRONOUS. SERIAL 
COMMUNICATION | 
_ A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) 

Bit O of the UARTj] transmit/receive mode register and 
UARTK transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. 

Bit 3 of the UARTj transmit/receive mode register of the 
clock sending side is cleared to “OQ” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CS,) and bit 1 
(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ | (n +1) x2} 


On the clock receiving side, the CS and CS, bits of the 
UARTK transmit/receive control register 0 are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register 0 is clear to “O” to select CTS} input. The 
bit 2 of the clock receiving side is set to “1” to select RTSK 
output. CTS, and RTS signals are described later. 








Transmission 

Transmission is started when the bit 0 (TEj flag) of UARTj 
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of 
one is “OQ”, and CTSj input is “L”. As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “0” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tij flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 








mission is not interrupt when CTSj input is changed to “H” 
during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTS} is checked while the Tenpj signal shown in 
Figure 44 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “0” before 
the Tenpj Signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. | 
When the Tlj flag changes from “OQ” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. . 





Receive 

Receive starts when the bit 2 (REx flag) of UART, trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REx flag is “O” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTSk output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSx output is “L”. 

The data from the RxDx pin is retrieved and the contents of 











the receive register is shifted by 1 bit each time the trans- 


mission clock CLKj changes from “L” to*H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (RIk 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the RIk flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes “L” to indicate that the next 
data can be received. When the RIk flag changes from “0” 
to “1”, the interrupt request bit in the UART, receive inter- 
rupt control register is set to “1”. Bit 4 (OER, flag) of 
UARTk transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rlk flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OERk flags are cleared automatically to “0” when 
the low-order byte of the receive buffer register is read. 
The OER k flag is also cleared when the RE flag is 
cleared. Bit 5 (FER, flag), bit 6 (PERk flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 38, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UART, to 
UART}. 
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UART; transmission register 


UART} transmission 
buffer register 


UART;| receive buffer register 


UART} receive register 


UART} Transmit/Receive mode register 


pix [x opel ayy, 


UART; Transmit/Receive control 


UARTk transmission register 


UART , transmission buffer register 


UART , receive buffer register 


UART, receive register 


UART  Transmit/Receive mode register 


oix|x}x]i fotolia 


UART, Transmit/Receive control 


register 0 register 0 
PDD ern] 0 fosifosy aa EES 


UART; Transmit/ Receive control UART, Transmit/Receive control 
register 1 register 1 


pum fren [ren}orn| ot | ne | ve | re eumfeen| enfoen] | ne | w | re] 





Fig. 43 Clock synchronous serial communication 


Transmission rales /*,X(n+1) X2 


clock 
TEj 


Tij 


Write in transmission buffer register Transmission register--Transmission buffer register 
CTS 


=f VX (nF1) X2 Stopped because TEj= “0” 


CLK; : 


TeNoj ee 
si (DoXDiXDzXOXDsXOsXDsOr_— KDKDKD2XOsXDHOsKOK Or XDoXDXD2KDsXD«XOsX Ds XXDr 
TXEPTY; ee ee ee a ee ee 


Fig. 44 Clock synchronous serial I/O timing 
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ASYNCHRONOUS 
SERIAL COMMUNICATION 
Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 
With 8-bit asynchronous communication, the bit 0 of UARTO 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 
Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS,) and bit 1 (CS,) of UARTO trans- 
-mit/receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLK, pin can be used as a 
normal I/O pin. | 


—> ke (1/f, or 1/fext) X (mn +1) X16 


Transmission clock 


TE 


(a) 


Write in transmission buffer regisger 
CTSo 


Teno 


Start bit 


TxEPTY 


Parity bit Stop bit 


1, $* ABB XE XEONE NOME Ve ABIXONEXONEXONENONEY cr 
a) ee ee | (eee leans eae 





The selected internal or external clock is divided by (n+ 1), 
then by 16, and passed through a control circuit to create 
the UART transmission clock or UART receive clock. 

Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext; 
Bit Rate =(fj or fexr)/{ (n+1) X16 | 


Bit 4 is the stop bit length selection bit to select 1. stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. - 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


Transmission register Transmission 


buffer register 


Stopped because TE= “0” 


ST (Do XD 


Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


(1/f, or 1/fexr) X(n+1) X16 


vanmusen oor PUPP nnn 


TE 


Write in transmission buffer register 


Tenb 


- Start bit 


Transmission register--Transmission 


buffer register 


Stopped because 


Stop Bit Stop Bit TE= “Q” 


rie Nex f@XBNONENEYENENENELY ex SP (XO )NENENENONONO NESE SF 


ST (DoD; ) D. 


TxEPTY | | | | | 


Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTO transmit/receive control regisger O bit 2 is 
used to determine whether to use CTS: input or RTS, out- 
put. CTS, input is used if bit 2 is “O” and RTSo output is 
used if bit 2 is “1”. 

If CTSo input is selected, the user can control whether to 
stop or start transmission by external CTSg input. RTSo will 
be described later. 





Transmission 

Transmission is started when the bit 0 (TE flag) of UARTO 
transmit/receive control register 1 is “1”, the bit 1 (TI flag) 
is “O”, and CTSo input is “L” if CTSp input is selected. As 
shown in Figure 45 and 46, data is output from the TxDo pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTO transmit/receive mode register. The data is output 
from the least significant bit. 

The TI flag indicates whether the transmission buffer is 
empty or not. It is cleared to “0” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 


f, or fe xr 


RxDo 


Receive 
Clock 


Starting at the falling 
edge of start bit 





When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TE flag, TI flag, and 
CTSo signal (if CTSo input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TE flag is cleared during transmission. 

The transmission start condition indicated by TE flag, TI 
flag, and CTS, is checked while the Tenp signal shown in 
Figure 45 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and TI flag is cleared to 0 before the 
Tenp Signal goes “H”. 

The bit 3 (TxEPTY flag) of UARTO transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenp 
signal goes “H” and changes to “OQ” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the TI flag changes from “OQ” to “1”, the interrupt re- 
quest bit in the UARTO transmissoin interrupt control regis- 
ter is set to “1”. 





Receive 

Receive is enabled when the bit 2 (RE flag) of UARTO 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 


Stop bit 


Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTSg output is selected by setting the bit 2 of UARTO 
transmit/receive control register 0 to “1”, the RTS» output is 
“H” when the RE flag is “0”. When the RE flag changes to 
“1” the RTS, output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTS, output can be used to determine externally whether 
the receive register is ready to receive. 

The entire transmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to the receive buffer register and the bit 3 of 
UARTO transmit/receive control register 1 is set. In other 
words, the RI flag indicates that the receive buffer register 
contains data when it is set. If RTS 9 output is selected, 
RTS, output goes “L” to indicate that the register is ready 
_ to receive the next data. 

The interrupt request bit in the UARTO receive interrupt 
control register is set when the RI flag changes from “OQ” to 
as ae 

The bit 4 (OER flag) of UARTO transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the RI flag is 
“1”. In other words when an overrun error occurs. If the 
OER flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. 

Bit 5 (FER flag) is set when the number of stop bits is less 
than required (framing error). 

Bit 6 (PER flag) is set when a parity error occurs. 

Bit 7 (SUM flag) is set when either the OER flag, FER flag, 
or the PER flag is set. Therefore, the SUM flag can be used 
to determine whether there is an error. 

The setting of the RI flag, OER flag, FER flag, and the PER 
flag is performed while transferring the contents of the re- 

















ceive register to the receive buffer register. The OER, FER, | 


PER, and SUM flags are cleared when the low order byte 
-of the receive buffer register is read or when the RE flag is 
cleared. 


Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial /O. 

The sleep mode is entered when the bit 7 of UARTO trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“Q”. Also the RI, OER, FER, PER, and the SUM flag are un- 
changed. Therefore, the interrupt request bit of the 
UARTO receive interrupt control register is also unchanged. 
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Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. | 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 48 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fg2) or by 512 (fs512). Whether to count-fz. or fs. is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 49. fs;2 is selected when the flag is “O” and 
fg0 is selected when it is “1”. The flag is cleared after reset. 
FFFi,¢ is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “QO”. 

After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency f3. or fs;2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF. is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “0”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “0” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 








Watchdog timer 
frequency selection (connection forced to f32 during 
STP instruction execution) 


STP instruction 


Address 
Watchdog timer 61 
frequency selection 


0 : Select fs,. 


1 : Select f3. 


Fig. 49 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 

after holding it at “L” level when the power voltage is at 5V M37730S2AFP 

+10%. Program execution starts at the address formed by 

setting the address pins Az3~ Aig to 0015, Ais ~ Ag to the 

contents of address FFFFi¢, and A7~ Ag to the contents of 

address FFFEj¢. 

Figure 50 shows the status of the internal registers when a 

reset occurs. 

Figure 51 shows an example of a reset circuit. The reset in- 

put voltage must be held 0.9V or lower when the power vol- 

tage reaches 4.5V. | Fig. 51 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 








Address Address 





ny 
we 


Port P4 data direction register (0Ci6)°°° Timer AO interrupt control register (7546)°"° XXX | 0;0/0 


Timer A1 interrupt control register (7616) XDXPXDX! 0 | 0 | 0 | 0| 
Timer A2 interrupt control register (7746)°"° XIXDXDX] 0 | | 0| 0 

Timer A3 interrupt control register (7846)°"° KIX DX 0 0 
Timer A4 interrupt control register (7916)°°° XXX] 0| 0 | 0| 0 


) Timer BO interrupt control register (7Ai6) °° XXX | 0| 0] 0 





Port P5 data direction register  (0D,,)--- 0016 


~ 
= 


Port P6 data direction register = (104)-": 0016 


oc) 
R13 





Port P8 data direction register (1446)°° 0046 





wT 
= 


fo) 
© 
—_ 
a 
RS 
an 


UART 0 Transmit/Receive mode register (3016)°° 0016 


UART 0 Transmit/Receive control registerO  (3446)--- ha | 1] 0/0] ( 
UART 0 Transmit/Receive control register 1 (3516)-° }ofo}0j0}o)1, (29) INT 9 interrupt control register  (7D46)-*: Baba 0/0|0 0 0/0 
Count start flag (4016)°*° Xi o}o}olojo (30) INT, interrupt control register (7Ei6)° X)X{0[0/0| 0/0. 0 
X)X{ 0/0] 0) 0] (31) INT 2 interrupt control register (7Fig)* X)X/ 0} 00] 0) 0. 0 


Up-down flag _ | (4446)°"° 00:6 Processor status register PS /o| 0 | | 2|2]o}o 0 1 E | ? 
Program bank register PG 0016 


nm 
oo. 


Ex 
Ea 





fa) 
oO 


CA 
K—~~-) 


One-shot start flag (4216)°° 


PSPS 
Fess 





(32) 





a 
Ro-7 





Timer AO mode register (5616)°°° 0046 


Ca> 
= 


Timer A1 mode register (5716)°*° Program counter PC, Content of FFFF,, 


BS 
a 


Timer A2 mode register (5816)°"° 00,6 Program counter PC, Content of FFFE,, 





Timer A3 mode register (59i6)°"° Direct page register DPR | 00001. 


w 
= 


Timer A4 mode register (5Ay6)*° 


Timer BO mode register (5Big)**° fo} 1)X| 0} 0j0| 
Processor mode register (5Ey6)°"° fojafololo|1 


Watchdog timer (6016) °""- FFF 16 

XXX 
X00) 0X) 0 0| 
XXX 010 | 0) 


UART 0 receive interrupt control register (7216)*° 0/0/0 


Data bank register DT 


|e 
calor 
a0 


Bs 


Watchdog timer frequency selection flag  (6146)-*- 


Waveform output mode register (621,¢):°° 


Pe. 


UART 0 transmission interrupt control register (7li6)°" 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 


Ss 








Fig. 50 Microcomputer internal status during reset 
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INPUT/OUTPUT PINS 

Ports P4, P5, P6, P8 all have a data direction register and 
each bit can be programmed for input or output. A pin be- 
comes an output pin when the corresponding data direction 
register is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 


* Port P43;~P4, (Inside dotted-line not included) 


A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 52 shows a block diagram of ports P4, P5, P6, P8 
and the E pin output. 

In evaluation chip mode, port P4 is also used as control sig- 
nal pins. 

Refer to the section on processor modes for more details. 


Port P4,, P57, P6,;~P67, P8, (Inside dotted-line included, but P8, is without hysterisis) 


Data direction 
register 


Data bus 


. Port latch : 


ee 


* Port P8, (Inside dotted-line not included) 


Port P5g~P55, PG (Inside dotted-line included) 


Data direction 
register 


| 
4 ! 
once 


Data bus 


¢ Port P89, P8;, 


Data direction 
register 


Data bus 


Port latch 


dS 


sameness 





Fig. 52 Block diagram for ports P4, P5, P6, P8 and the E pin output 
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PROCESSOR MODE 

The bits 0 of processor mode register as shown in Figure 
53 is used to select either, microprocessor mode, or eva- 
luation chip mode. 

Figure 54 shows the functions of Ag to A7 pins, Ag/Dg to Aos/ 
D7 pins, and port P4 in each mode. 

The external memory area changes when the mode 
changes. ; 

Figure 55 shows the memory map for each mode. 

The accessing of the external memory is affected by the 
BYTE pin and the bit 2 (wait bit) of processor mode regis- 
ter . These will be described next. 


eBYTE pin 
When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and A;¢/Do to Az3/D7 become the data I/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and Ay¢g/Do to Ag3/D7 pins and Ag/Dg to Ajs/D45 
pins become the data I/O pins. 

When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 


Address 


Processor mode register SEi6 


Processor mode bit 


0 : Microprocessor mode 


1 : Evaluation chip mode 


This bit must be “1” (It is set to “1” after a reset) 


Wait bit 
0 : Wait 
1 = No Wait 


Software reset bit 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit 
00 : Select 1/f(Xin) X14 
01 : Select 1/f(Xin)X 8 


10 : Select 1/f(Xin) X 4 


Test mode bit 


This bit must be “OQ” 


Fig. 53 Processor mode register bit configulation 
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Evaluation Chip Mode 


Same as left 


Same as left 








As/ 
‘a oa 


A1s/D45 





BYTE =“L” 


E ey eee ae 
‘ Ais~Ag 
/D 
- ; : Address Aen 
15 Dis 


Port P4, P5 and their direction regis- 







E 7+ | | 
As/Dg 

Address A;5~ Ag 
Ais/Dis 


BYTE=“H” 














ters are treated as 16-bit wide bus. 





A23 ~ Ais 
Data 


Aas™Ai6 
Data 
Address (even, odd) 








BYTE = “L” Same as left 







E 


Ao3 ~ Aig 
ae { Address } ae 
Address 
Ao3/D7 (even, odd) 


Same as As/Dg to Ais/Di5 






1/O Port 


Port P4 


Fig. 54 Processor mode and Ao to A; pins, Ag/Dg to Az23/D7 pins and port P4 functions 
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© Wait bit 

As shown in Figure 56, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal becomes twice 
compared with no wait (the wait bit is “1”). The wait bit is 
cleared during reset. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. © 


Microprocessor Evaluation chip 


mode mode. 


The shaded area is the external memory area. 





Fig. 55 External memory area for each processor 
‘mode . 


Internal clock¢ 


Ae Kore X28) 
Wait bit } = Address Address 


1 


Soe (gy eres (gi meee 


Address Address 
( xX data KX Data } 


“Q” E 


Fig. 56 Relationship between wait bit and access time 








(1) Microprocessor mode (10) 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. 

As/Dg to Ais/Dis pins have two functions depending on the 
level of the BYTE pin. | 
When the BYTE pin level is “L”, Ag/Dg to A;,/Di5 pins func- 
tion as an address output pin while E is “H” and as an odd 


_ address data |/O pin while E is “L”. However, if an internal 


memory is read, external data is ignored while E is “L”. 
When the BYTE pin level “H”, Ag/Dg to A;5/Di5 pins func- 
tion as an address output pin. 

Aie6/Do to Ao3/D7 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is “L”, Ayg/Do~Ao3/D7 pins func- 
tion as an address output pin while E is “H” and as an even 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, Ayg/Do~Ao3/D7 pins func- 
tions as an address output pin while E is “H” and as an 
even and odd address data I/O pin while E is “L”. Howev- 
er, if an internal memory is read, external data is ignored 
while E is “L”. 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Ay is “L” and BHE is 
iy Ee 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ag to Az pins, Ag/Dg to 
Ao3/D7 pins, R/W pin and BHE pin are floating while the 
microcomputer stays in hold state. These ports are floating 
after one cycle of the internal clock ¢ later than HLDA sig- 
nal changes to “L” level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of ¢ later than HLDA signal changes to “H” level. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢ stops at “L”. ¢, output from clock ¢, output pin 
doesn't stop. RDY is used when slow external memory is 
attached. 

(2) Evaluation chip mode (11) 

Evaluation chip mode is entered by applying voltage twice 
the Vcc voltage to the CNVss pin. This mode is normally 
used for evaluation tools. 

Az/Dg to Ais/Dis5 functions as an address output pin while E 
is “H” and as data I/O pin of odd addresses while E is “L” 
regardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L”. 
Aie/Do to Ao3/D7 function as an address output pin while E 
is “H” and as data !/O pin of even addresses while E is “L” 
when the BYTE pin level is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, Ayg/Do to Ao3/D7 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
ae 

Port P4 and its data direction register which are located at 
address OAig and OCi¢ are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

Ports P43, to P4g become MX, QCL, VDA, and VPA output 
pins respectively. Port P47 becomes the DBC input pin. 

The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 
the instruction queue buffer is cleared, for example, when a 
jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 





instruction (operation code) is read from the instruction 
queue buffer. 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVgzg pin in- 
put levels and processor modes. 


Table 5. Relationship between the CNVszg pin input 
levels and processor modes 


Mode Description 





* Microprocessor Microprocessor mode upon 


¢ Evaluation chip starting after reset. Evaluation 
chip mode can be selected 
by changing the processor 


mode bit by software. 











¢ Evaluation chip - Evaluation chip mode only. 
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CLOCK GENERATING CIRCUIT 

Figure 57 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFF. is 
written to watchdog timer and the watchdog timer input 
connection is forced to fs2. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢ remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 


M37730S2AFP 


Fig. 58 , Circuit using a ceramic resonator 







Interrupt request 


STP instruction 


Fig. 57 Block diagram of a clock generator 





S Q S$ Q 
R WIT instruction— R 


> Internal clock ¢ 


The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 58 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturer's recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 59 shows an example of 
using an external clock signal. 


ADDRESSING MODES 

The M37730S2AFP has 28 powerful addressing modes. Re- 
fer to the MELPS 7700 addressing mode description for the 
details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37730S2AFP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 


M37730S2AFP 


External clock source 









ae Reset 


STP instruction 





Watchdog 
timer 





2—500 


_ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37730S2AFP,M37730S2BFP 
M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions Ratings 





Supply voltage —0.3~7 








Input voltage RESET, CNVss, BYTE —0.3~12 
Input voltage Ag/Dg~Ao3/D7, P43~P47, P5o~ P57, 
P69~ P67, P89~P83, Xin, HOLD, —0.3~Vec+0. 3 
RDY 
Output voltage Ag~A7, Ag/Dg~A23/D7, P43~P 4, 
P59~P57, P69~P67, P89~P83, Xourt, 
E, $1, HLDA, ALE, BHE, 
R/W 


Power dissipation 

















a cc oc cco 





Operating temperature 

















Storage temperature 


Note 1. In the case of shrink plastic molded DIP, rating of power dissipation is 1000mW. 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85C, unless otherwise noted) 





Parameter 








Supply voltage 








Supply voltage 

High-level input voltage P43;~P47, P5g~P57, P6y~P6,, 
P89~ P83, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 

High-level input voltage Ag/Dg~Ao3/D7 

Low-level input voltage P43~P47, P59~P57, P69~P6r7, 
P8)~P8s3, Xin, RESET, CNVss, 
BYTE, HOLD, RDY 

Low-level input voltage Ag/Dg~Ao3/D7 




















| High-level peak output current Ap~Az, Ag/Dg~Ao3/D7, 
P43~P47, P5g~P57, P6g~P67, 
lon(peak) P8,~P83,43, HLDA, 
ALE, BHE, R/W 
High-level average output current Ag~Az7, Ag/Dg~Az23/Dz, 
P43~P47, P5o~ P57, P6p~ P67, 
eMsayg) P8)~P83,44, HLDA, 
ALE, BHE, R/W 
Low-level peak output current Ag~A7, Ag/Dg~Ao3/D7, 
P43~P47, P5g~P57, P6y~P6r, 
lou(peak) P8y~P8s, ¢,, HLDA, 
ALE, BHE, R/W 
Low-level average output current Ag~A7, Ag/Dg~A23/D7, 
P43~ P47, P5p~P57, P69~ P67, 
OL(avg) P8y>~P8s, 4, HLDA, 
ALE, BHE, R/W 
M37730S2AFP, M37730S2ASP 
M37730S2BFP, M37730S2BSP 












































f(Xin) External clock frequency input 














Note 2. Average output current is the average value of a 100ms interval. 
3. The sum of lo.(peak) for Ao~Az7, As/Dg~Az3/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA 
or less, 
the sum of lon( peak) for Ag~A7, Ag/Dg~Ao3/D7, HLDA, ALE, BHE, R/W, and port P8 must be 80mA 
or less, 
the sum of lo(peak) for ports P4, P5, P6, and ¢, must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and ¢, must be 80mA or less. 
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M37730S2AFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, (Xi) =16MHz, unless otherwise noted) 


p t Test conditi me 
arameter est conditions 
Min. | Typ. 


High-level output voltage Ap~A7, Ags/Dg~Aoz3/D7, 
P43,~P4,, P5o~P5r, P69~ P67, 
P8 ~~ P83, 4, HLDA, 
BHE, R/W 





lox=—1 OmA 














High-level output voltage Ap~Ar, Ag/Dg~Azs/D7, 
lonp= —400uA 
1, HLDA, BHE, R/W 


lox=—10mA 
High-level output voltage ALE 
lon=—400UA 
Vv High-level output voltage E eae ne 
igh-level output voltage 
OH g p g lou =—400A 


Low-level output voltage Ap~A7, Ag/Dg~Az3/D7, 
P43~ P47, P59~-P57, P69~~P67, 
P8o~P83, ¢1, HLDA, 
BHE, R/W 
Low-level output voltage Ag~A7, Ag/Dg~Az3/Dz, 
¢1, HLDA, BHE, R/W 
































loc =1 OmA 








lop =2mA 














lo. =10mA 
lop =2mA 
lol =10mA 
lop =2mA 








Low-level output voltage ALE 














Low-level output voltage E 











Hysteresis HOLD, RDY, TAQn~TA4w, TBO, 
INTo~INTo, CTSo, CLKo 


Vir=Vr_ | Hysteresis RESET 


High-level input current Ag/Dg~Az3/D7, P43~P4z, 

P59~P57, P6g~P67, P89~P8s, 

Xin, RESET, CNVgs, BYTE, 

HOLD, RDY 
Low-level input current Ag/Dg~Ag3/D7 P43~P4z, 

P5o~P57, P6p~ P67, P89~ P83, 

Xin, RESET, CNVss, BYTE, 

HOLD, RDY 
RAM hold voltage When clock is stopped. 
f(Xiy) =16MHz, 
square waveform 
Ta=25C when clock 
is stopped. 









































Output only pin is 
Power supply current open and other pins 
are Vss during reset. 
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M37730S2BFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 


ss Limits 
Parameter Test conditions 





High-level output voltage Ag~A7, Ag/Dg~Az3/D7, 
P43~P47, P5p~P57, P6p~P6;, 
P8)~P83, 41, HLDA, 
BHE, R/W 

High-level output voltage Ag~A7, Ag/Dg~Ao3/D7, 
¢;, HLDA, BHE, R/W 


lon= —10mA 








lon=— 10mA 
lop=—400 uA 
lon=—10mA 
lon=—400 uA 


High-level output voltage ALE 





High-level output voltage E 


Low-level output voltage Ap~A7, Ag/Dg~Az3/D7, 
P43~P4,7, P59 ~P57, P69~P67, 
P8o~P83, #1, HLDA, 
BHE, R/W 

Low-level output voltage Ag~A7, Ag/Dg~Az3/D7, 
¢1, HLDA, BHE, R/W 























Low-level output voltage ALE 


Low-level output voltage E 








Hysteresis HOLD, RDY, TAQ\n~TA4n, TBO, 
INTo~INT2, CTSo, CLKo 

Hysteresis RESET 

Hysteresis Xin 

High-level input current Ag/Dg~Ag3/D7, P43~ P47, 
P59~P57, P69~ P67, P89~ P83, 
Xin, RESET, CNVgg, BYTE, 
HOLD, RDY 

Low-level input current Ag/Dg~Az3/D7, P43~P4z, 
P5o~P57, P6p9~P67, P80~P8s, 
Xin, RESET, CNVgs, BYTE, 
HOLD, RDY 



































V.=0V 








RAM hold voltage | When clock is stopped. 








f(Xiy) =25MHz, 
square waveform 
Ta=25C when clock 
is stopped. 

Ta=85°C when clock 
is stopped. 


Output only pin is 
Power supply current open and other pins 











are Vss during reset. 
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TIMING REQUIREMENTS (vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 
External clock input 


Symbol Parameter 


External clock input cycle time 
r 


External clock rise time 
pre = External clock fall time 








Microprocessor mode 


Limits 
Symbol Parameter 16MHz 25MHz 











Unit 














Min Max. | Max. 
tsu(bH—e) | Data high-order input setup time 45 30 
tsu(pL—e) Data low-order input setup time 45 30 
tsu(pap—e) | Port P4 input setup time 100 


Port P8 input setup time 100 
RDY input setup time 60 
HOLD input setup time 60 


thc e—pnH) Data high-order input hold time 
Data low-order input hold time 
th(e—p4p) Port P4 input hold time 





=) 
n 







oO] 
oO 
S 
” 











oy) 
on 
























S 
n 


thi e—pep) 


th(e—pab) 


th(¢,—Rby) 








Port P6 input hold time 















Port P8 input hold time 
RDY input hold time 
HOLD input hold time 






























0 
0 
0 
0 
0 
0 





=) 
” 





S 
n 








) 
no 


th ¢,—HOLD) 











_ —_@> MITSUBISHI 
eave ate MiTSUBS 


MITSUBISHI MICROCOMPUTERS 


M37730S2AFP,M37730S2BFP 
M37730S2ASP,M37730S2BSP 


16-BIT CMOS MICROCOMPUTER 





Timer A input (Count input in event counter mode) 


Parameter 








TAiy input cycle time 
tw(TAH) TAi input high-level pulse width 





tw(TAL) TAiin input low-level pulse width 








Timer A input (Gating input in timer mode) 


Parameter 








TAiin input cycle time 








tera TAiny input high-level pulse width 


TAin input low-level pulse width 











Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 


TAiin input cycle time 
TAin input high-level pulse width 
TAin input low-level pulse width 

















Timer A input (External trigger input in pulse width modulation mode) 


Parameter 

















tw (TAH) TAiin input high-level pulse width 


TAi input low-level pulse width 

















Timer A input (Up-down input in event counter mode) 


Symbol Parameter 


FAlsuampat eyelets 





TAiour input high-level pulse width 


twcuPL) TAiour input low-level pulse width 























tsu(uP-Tiw) TAiour input setup time 
TAiout input hold time 
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Timer 8 input (Count input in event counter mode) 


) 
TBOww input low-level pulse width (one edge count) 
TBOww input cycle time (both edges count 


TBO input high-level pulse width (both edges count) 














Timer B input (Pulse period measurement mode) 


Limits 
Symbol Parameter 


TBOww input cycle time 
TBOw input high-level pulse width | 
TBOiw input low-level pulse width 





Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBOww input cycle time 
TBO\n input high-level pulse width 
TBOww input low-level pulse width 











Serial 1/O 


Symbol Parameter 


te(ck) CLKo input cycle time 


tw(cKL) CLKo input low-level pulse width 
TxDo output delay time 
TxDo hold time 
RxDpo input setup time 








RxDo input hold time 


External interrupt INTj input 


Symbol Parameter 16MHz 25MHz Unit 
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SWITCHING CHARACTERISTICS (Vcc=5V£10%, Vss=0V, Ta=25C, unless otherwise noted) 
Microprocessor mode (when wait bit = “1") 


Symbol Parameter Test conditions 25MHz Unit 


td(aL—e)_ ., Address low-order output delay time | ons 








NO 








td(e—pDHa) Data high-order output delay time (BYTE= a a 





texz(e—pxHz) | Floating start delay time (BYTE=“L”) 








_ 
NO 


td(am—e) Address middile-order output delay time : 











tdiam—ace) | Address middle-order output delay time 





td(e—pLa) Data low-order output delay time 








tpxz(eE—pLz) | Floating start delay time 








td(aAH—_E) Address high-order output delay time 





td(aH—ace) | Address high-order output delay time 











td(¢,;—HLDA) HLDA output delay time 





td(aLe—e) ALE output delay time 





Ss 


tw(ALe) ALE pulse width 





S 


ot 
>| O1!} Rh on 


td(BHE—E) BHE output delay time 











4 


tdi rsw—e) R/W output delay time 











tdie—¢4) ¢?, output delay time 








thce—aL) Address low-order hold time 
thiate—am) | Address middle-order hold time (BYTE="L") 
th(e—pHa) | Data high-order hold time (BYTE=“L”) 

tpzx(E—DHz) | Floating release delay time (BYTE="L") 


Address middle-order hold time (BYTE="H”) 
Address high-order hold time 
Data low-order hold time 

Floating release delay time 

BHE hold time 
R/W hold time 


td(e—p4q) Port P4 data output delay time 














ee eS ! 
loo ecm Reckmee) 











td(e—psa) Port P5 data output delay time 








td(e—Pp6Q) Port P6 data output delay time 





td(e—psa) Port P8 data output delay time 

















tees E pulse width 
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions 


Address low-order output delay time 
Data high-order output delay time (BYTE=“L”) 


tpxz(e—pHz) | Floating start delay time (BYTE=“L”) 





po 
n” 


aS 
o1 
a 
on 


on 
a 
” 


NO 
a 
” 


td(am—e) Address middle-order output delay time 


a) 
” 


td(am—ace) | Address middle-order output delay time 


Data low-order output delay time 
Floating start delay time 

Address high-order output delay time 
Address high-order output delay time 


td(¢,—HLDa) HLDA output delay time 





~w 
a 
N) 
a 
o1io 
3 
” 


ol 
oO 
oO 
Oo 








td(aLe—e) ALE output delay time 


ALE pulse width 

BHE output delay time 
tdi r/w—e) R/W output delay time , 

Address low-order hold time 

Address middle-order hold time (BYTE=“L”) 


| th(e—pHa) Data high-order hold time (BYTE=“L” 


) 





WwW 
io) 
N 
o) 


Ww 
o1 
NO 
RO] & 








W 
co) 
N 
jo) 














2 





N MLM] ND N NO} WwW NO | W WwW 





NO 
o1 


Port P4 data output delay time 


td(e—psa) Port PS data output delay time 





td(e—r6aq) Port P6 data output delay time 


Port P8 data output delay time 








NO 
NO 
© 





Ao~ Az 
Ag/De~Aza/D7 
P4 
P5 





Fig. 60 Testing circuit for each terminal 
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TIMING DIAGRAM tr t 


tw(H) twiL) 


i a see 


any td(e—paq) 
X 


(Xin) 


mil 


Port P4 output 


tsu(pap—e) _— 


Port P4 input thie—pap) 


( 


nig td(e—psa) 


Port P5 output 


tsu(psp—e) 
Port PS input a thie—-psp) 


td(e—pea) 
2 


Port P6 output \ 


tsu(p60—€) ae 
a thie—peo) 


Port P6 input 


— | tdie—psa) 
Port P8 output |X 
tsu(pap—e) pas 
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TAiiy input 


TAiour input 





TAiour input 
(Up-down input) 


In Event counter mode 


TAin input 
(When count by falling) thityy—ue:] tsucue- Ty: 


ee ees rs 
(When count by rising) . 
tects) . 
twiteH) 


twiTBL: 








TBOw input 






tc cK 
a 














CLKoy 
: Se] 
tdic—a) 
| tsu(p—c) —_ _ thic-p) 
RxDo 
INT; input 
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Microprocessor mode (When wait bit = “1") 





RDY input 





th v1- RDY 











Microprocessor mode (When wait bit = “0”) 


py 








RDY input 






th »1-Rby 


Microprocessor mode (When wait bit = “1” or “0” in common) 
dy 


tsucHoLo—| 4, 


HOLD input 






tdi 4,— HULDA! 





td(¢;—HLDA? 





HLDA output 


Test conditions 

*Voo= 5 V+10% 

* Input timing voltage: V,.=1.0V, Viy=4. OV 
* Output timing voltage > Vo_=0. 8V, Voy=2. OV 
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Microprocessor mode (When wait bit = “1”) 


(Xin) 





. / yi 


tdie-¢,) tdie-¢,) 









Ag~ Az output 


tezxi E—DHZ ' 
Ag/Dg~A5/Di5 —_ Address 
output 
(BYTE=“L") 
(BYTE=“H”") 
-— thie—pw) 
Dg~Di5 input 
th(ALe—aAH) +> = aay texzie—piz) tezx(E—DLz) 
Aie/Do~ Ao3/D7 (ras | OM Address e _-—— — — _ Address 
t , tsu(oL—e) 
output lates SU(DL—E 
tdi AH—ALE® pasta Beg thie—pw) 
Do~D7 input 
tWiaLe) 


| . tdi ace -e) 
ALE output 


tdir/w—-e) 


= thie—R/w: 


R/W output 


Test conditions 

Vec= 5V+10% 

* Output timing molege VoL=0. 8V, Von=2. OV 
* Do~Di5 input Vii=0. 8V, Viy=2. 5V 
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Microprocessor mode (when wait bit = “0", and external memory area is accessed) 


(Xin) 


$; 


mi! 


ia 


Ao™~ Az Output 


As/Dg~Ay 5/D, 5 
output 
(BYTE=“L”) 


Ag™~Aj5 Output 
(BYTE=“H”) 


Dg~ Dis input 


Ai¢/Do~Az3/D7 
output 


Do~D7 input 


ALE output 


BHE output 


R/W output 


tdie—4,) 


th(aLe—am) ne 
Sesh pats 


mne-m fe 


tc 


tdie~4,) 


——rasres id 


texz(E—pDHz) tezx(E—DHZz) 


Address 


are 







td(e—pHa) tdiam— E) 


thie —am) 





pe th(e—pDH) 


— | Address | — ae ee ee oe Address 


St | : 






tezx(e—pDLz) 






tsu(pL—e) facanieen th(e—pt) 


en 


imam Bice E) ae * th(e—BHE) 


Test conditions 
Vec= 5V+1 0% 


thie—R/w) 


* Output timing voltage > Vo. =0. 8V, Von=2. OV 


* Do~Dy,5 input 


‘ ViL=0. 8V, Vin=2. 5V 
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M37732 GROUP. 

The M37732 group has the pulse output port in addition to the 
M37702’s functions. This group is a general purpose micro- 
computer which is the external ROM version. 

Especially, the following suits to needs of industrial and pub- 
lic welfare equipments in recent years : 


@External clock input frequency 25MHz (“B” version) 
The fastest instruction execution time ................0. 160ns 
@Low supply voltage ; 2.7V-5.5V, wide operating tempera- 
ture range (“L” version) 
@Small package 


SOP GDA erccerectespvo aceite tases 0.5mm lead pitch 
BOPESK-A...........ccsceeesenes i Jdaaccesstnadeutvays 0.65mm lead pitch 
FEATURES 


@Choice of external clock input frequency : 16MHz; 25MHz 
versions 


@linternal RAM 2.0... cece ccccceeceeeceeeeeeeeeeeees 2048 bytes 
@Peripheral functions 
PO) DOME wer ccaswsteavactcsnorsnnaceeceyarceamssveaoeunaesdecsueecoasentee 37 
S INTETPUDL wasevesariacstntstaves maa ninvesteecasuaeeuiacense 19 types,7 levels 
*Multiple function 16-bit timer ...........essseseseeeeeeeeeees 54+3 
«Serial I/O (clock synchronous / asynchronous) ............... 2 
°12-bit watchdog timer 
*Pulse output port ..............c:cseecssesesreees 4 bits X 2 channels 
APPLICATION 


Control devices such as Radio communication, HDD/ODD, 
Copier, Printer, Elrctric typewriter, Facsimile, Cellular radio 
telephone, Cordless telephone, Personal information equip- 
ment, ISDN terminal 


Type name 


Re resent MELPS 7700 


. Package type 
/ FP :QFP(0.8mm lead pitch) 
M377 32 S 4 B FP GP :QFP(0.65mm lead pitch) 
\ Memory size identification 


Group designation 


Memory identification 
S :RAM(external ROM) 











16-BIT CMOS MICROCOMPUTER 


M37732 group expansion 


ROM |Group name | Memory size |FrequencysTemp| Package 
type | + Memory ¢ Supply Vol. 
pA, BIL | 








identification 
80-pin 
Extemal] 143773054 | 2048 QFP 
nM | (8OP6N-A) 


@ : NOW | 
Note. “L” version's package is 80P6S-A or 80P6D-A. Confirm 
its package on the following pages. 


* The former 8MHz version was unified into “A” version. “A” 
version satisfies the timing requirements and the switching 
characteristics of 8MHz version. 


HP :Fine-pitch QFP(0.5mm lead pitch) 


External clock input frequency 
operating temperature range 
A :16MHz(Ta= -20°C to +85) 
B :25MHz(Ta= —20°C to +85'C) 
L :8MHz(Ta= —40°C to +85°C, Vec=3V) 





2—516 


9 MITSUBISHI 
ELECTRIC 


M37732S4FP is unified into M37732S4AFP. 


MITSUBISHI MICROCOMPUTERS 


M37732S4AFP 


M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





DESCRIPTION 

The M37732S4AFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. This 
single-chip microcomputer has a large 16M bytes address 
space, three instruction queue buffers, and two data buffers 
for high-speed instruction execution. The CPU is a 16-bit 
parallel processor that can also be switched to perform 8- 
bit parallel processing. This microcomputer is suitable for 
office, business, and industrial equipment controller that re- 
quire high-speed processing of large data. 

The differences between M37732S4AFP and M37732 
S4BFP are the external clock input frequency as shown be- 
low. Therefore, the following descriptions will be for the 
M37732S4AFP unless otherwise noted. 


ROM size 
External 


Type name 
M37732S4AFP 
M37732S4BFP 


External clock input frequency 








External 





FEATURES 
e@ Number of basic instructions WSS Yo gel Saco: Sie de Biee gna ereie la Wie era ei eesa 88 ee 103 
e Memory size oy \ \, cc cee 2048 bytes 
@ Instruction execution time 

M37732S4AFP 

(The fastest instruction at 16MHz frequency):-::--: 250ns 

M37732S4BFP 

(The fastest instruction at 25MHz frequency) ::----- 160ns 
& Single power supply db Heeb ate, Sater siaierg Foes Ul oie -aieie'e Mejere ere eie-2 5V+10% 
@ Low power dissipation (at 16MHz frequency ) 

Late aida! lala ib 2a a diwietowe so oes 6O0mW (Typ.) 

e Interrupts Hae bes Seiad a Sew aia bbe oad is wiere ne Suniel s Gerdisidtere weet 19 types 7 levels 
® Multiple function 16-bit timer -cccccccc ee 5+3 
@ UART (may also be synchronous) iheue ea chew Seam wee seaer aa eeuss 2 
@ 8-bit A-D converter -: ss rrr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports P4, P5, P6, P7, P8) Maisie stale a ease, ghiadie sere aise eiroareleaemineiens 37 
e Pulse output port olesecladersyead  apuiels sh luleys (oralotareoe, biete ere leie wise 1e'ececakeieianee 4-bitX 2 





PIN CONFIGURATION (TOP VIEW) 


AVss 
1=|<— Veer 

AVcc 

Voc 


~~ 
Oo 


[=]+* P77/AN7/ADtRG 
Vss 


Elbee P89/CTSo/RTSo 


[S]+> P7,/AN, 
[3}** P72/AN?2 
f3|]<+ P73/AN3 
I] P74/AN, 
l3}*> P75/ANs 
fs}+>+ P7,/ANg 
[S]+> P81/CLKy 
Ese P82/RxDo 
IB]+> P83/TxDo 


~ 

w 

~ 
LS] 


64] +> P8,/CTS,/RTS, 
+> P8./CLK, 
+> P8_6/RxD, 
61] +» P8,/T,D, 
160] —> Ao 

59] —> Ay 

58] —> Ap 

— Ag 

56] —> Ay 

— As 

54] > Ag 

—> Ay 

++ Az/Ds 

51] <> Ag/Dg 
50} > Aio/D1o 
[4g] +> A,,/D1, 
48] +> Ay2/D42 
++ Ay3/Dy3 
46] > Ay4/Dy4 
45} > Ais/Di5 
44] +> Aye/Do 
+ A,7/D, 
+ Ais/Do 
41] <> Ai9/D3 


P7>/ANy +* [1] 
P67/TB2iy +> 
P66/TB1 iy + 
P6</TBOn +> 14] 

P6,/INT, ++ 

P63/INT, +> [6] 

P6./INTo +> 
P6,/TA4n + LE, 
P6o/TA4our +> L9] 

P57/TA3iy/RTP1, +> [10 
P56/TASqur/RTP1> +> [1 
P5</TAQy/RTPI, > 
P54/TA2gyr/RTP 1g > 
P53/TAl y/RTPO3 +> [14] 
P5o/TA gur/RTP0> +> 
P5,/TAD y/RTPO, +> [16 
P§g/TAQgut/RTP0g +> 
P4,/DBC* ++ [ia] 
P4,/VPA* ++ [19] 
P4./VDA* +> 
P4,/QCL* + 
P4,/MX* <> 

$4 + 

RDY — 


O 
O) 


djAgpSceZZewn 
dsjvevscelZlewn 


rR 
s 


RESET — [8] 
XIN — 3 | 


Xout + |S 


E +[=] 
S| 
nm 


Vss 
HLDA + [8] 


R/w <[8] 


ALE +[&] 
A23/D7 + {SI 


HOLD —[ 
BYTE —|8| 
CNVss 
BHE <= [8 
A22/De > |& 
A21/Ds +> |] 
A2o/Da + & 


Outline 80P6N-A 


*: Used in the evaluation chip mode only 





APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


M37732S4AFP satisfies the timing requirements and the 


switching characteristics of the former M37732S4FP. 








e017 


8l1S—Zc 


HELIN “® 


M37732S4AFP BLOCK DIAGRAM 




















Hold 
Clock Clock Clock ¢, Enable Reset Reference acknowledge address latch Byte high Read/Write Holdrequest Ready Bus width 
input output output output input (5vV) (OV) (5V) (OV) (5V) voltage input signal enable enable output Input Input selection input 
Xin Xout oe E RESET Vcc Vss CNVss AVss AVcc Vrer HLDA ALE BHE R/W HOLD RDY BYTE 
—O@—-@ g—f--—g-_8-_@ = B— - $$ = gr - “$8 —_8-- 






Clock Generating Circuit 























sot oualy 
(QL )¥ soye;NWINDDYy 
(91 )@ s0yejnWND.y 
(9L)X 403s160y xapuy 
(OL)A 40)8!160y xapuy 
(QL)S J0IUIOg YOEIS 





(91)@) 4038159y saying ynduy 





(QL) Hd 4a\sIBay abey yoaNIG 
(1L)Sd 401s16ay snyeyg sossa901g 


Timer TA4(16) 


2048 Bytes 














= 
3 
© 
a 
— 
> 
a 
2 
a 
3 
© 
s 
-—4 
| 0 
ds 
a 
> 
D 
coon | 
wh 
© 
sng sseuppy 






te J 


Instruction Register (8) 



























=] 
(2) 
x 
i4) 
3 
@ 
s 
-— 
® 
sx 
-_ 
ine) 
> 
— 


(Q)10 J9\s1Hay yueg ejyeq 
(8)Dd 131siI6ay yueg wesBold 
(9L)Od 4ajUN0D WesB01d 
(p2)VQ Ja\sIBay ssoippy eieg 
(8) ‘ag 4ayng ejeg 
(8)"aq seyng eyeq 


(pZ) sUeWALag/sa;UaWAI0U} 





(p2)Wd saisi6bay ssouppy wesBolid 





(g)#® 4ayNg ananyH YONONysSU} 
(8)0D 124jNg ananH uoHonssU| 





- (8)20 4843Ng anaNy UoOHoNysU| 





UARTO(9) 


Address lower 


Address higher middler/Data(16) 


61) 6263 GHC 66) CDEV-TO IDIOT CY ED O-] ODOHOOD OOD MMU 19 W189 9 2 2) @2— - ——~---—— 9898) WM MOO OOOO OE6N6062 
~~ “VT ~~ ‘SEO TC’ eS TY 
Input/Output Input/Output Input/Output Input/Output Input/Output Address bus/Data bus Address bus 
port P8& port P7 port P6 port P5 port P4 





(U8AQ ysng ejeq © 







_ 


Ladd dded a 
—_——--- 


YALNUWOQDOUDIW SOW) LId-9T 


djAgvSceZZewn 
djAVVSceZZeW 
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FUNCTIONS OF M37732S4AFP 


Parameter 
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Functions 





Number of basic instructions 





103 





M37732S4AFP 








Instruction execution time 
M37732S4BFP 








250ns (the fastest instruction at external clock 16MHz frequency) 





160ns (the fastest instruction at external clock 25MHz frequency) 





Memory size RAM 











2048 bytes _ 





P5~P8- 





8 -bitX 4 








Input/Output ports 
p put p P4 








5 -bitX 1 








TAO, TA1, TA2, TA3, TA4 
TBO, TB1, TB2 


Multi-function timers 








Serial 1/O 





16-bit X 5 











A-D converter 





Watchdog timer 





Interrupts 


16-bitX 3 

(UART or clock synchronous serial I/O) X2 

8 -bitX 1 (8 channels) 

12-bitX 1 

3 external types, 16 internal types 

(Each interrupt can be set the priority levels to 0 ~ 7.) 


























Clock generating circuit 





Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 





Supply voltage 





Power dissipation 











5 V+10% 











Input/Output voltage 


60mW(at external clock 16MHz frequency) 
5V 








Input/Output characteristic 
Output current 





Memory expansion 











5mA 











16M bytes 





Operating temperature range 








—20~85°C 





Device structure 











Package 


ae MISES 





CMOS high-performance silicon gate process 
80-pin plastic molded QFP 
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PIN DESCRIPTION 


Voc: Vss Power supply Supply 5 V+10% to Vcc and 0 V to Vgsg. 
CNVss CNVsg input | Connect to Vcc. ; 















RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 
Xin Clock input Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 


tween Xiy and Xour. When an external clock is used, the clock source should be connected to the Xj, pin 
and the Xour pin should be left open. 





Clock output Output 
Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 


BYTE Bus width selection input Input This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
“L” signal inputs and 8 bits when “H” signal inputs. 





< x 
S S 









































AVss | Analog supply input Power supply for A-D converter. Connect AVcc to Vcc, and AVggs to Vsg externally. 
Reference voltage input input This is reference voltage input pin for A-D converter. 
Clock output Output This pin outputs the clock ¢; which is divided the clock to Xn pin by 2. 
‘| RDY Ready input This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is “L”. 
HOLD Hold request input Input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is 
Es 
HLDA Hold acknowledge oa Output This is an output pin for HLDA signal, indicates the hold state. 
R/W Read/Write output Output “H” indicates the read status and “L” indicates the write status. 
BHE Byte high enable output} Output “L” is output when an odd-numbered address is accessed. 
ALE Address latch enable Output This is used to retrieve only the address data from address data and data multiplex signal. 
output 
Ao~Az | Address (low-order) Output | Address CAgeAy) is output. 
output 
















Address (middle-order) 
output/Data (high-order) 
1/0 


In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Dy3~Dg) is input or 
output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. In case the BYTE pin 
is “H” and an external data bus is 8-bit width, only address (A;s~Ag) is output. 










Address (high-order) 
Ao3/D7 output/Data (low-order) 
1/0 





Low-order data (D7~Do) is input or output when E output is “L”, and an address (Ao3~Aj6) is output when 
E output is “H”. 














1/O port P4 Port P4 is a 5-bit I/O port. This port has an data direction register and each pin can be programmed for in- 


put or output. This port is in input mode when reset. 
















Port P5 is a 8-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 





I/O port P5 





















These pins also function as 1/O pins for timer AO, timer A1, timer A2 and timer A3. 

P69~ P67 1/O port P6 In addition to having the same functions as port P5, these pins also function as I/O pins for timer A4, exter- 
nal interrupt input INTp, INT, and INT2 pins, and input pin for timer BO, timer B1 and timer B2. 

P79~P77 1/O port P7 Port P7 is a 8-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is input mode when reset. These pins also function as analog input ANo~AN7 input 
pins. P77 also has an A-D conversion trigger input function. 

P8)~P87 1/O port P8 1/O Port P8 is a 8-bit |/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS/RTS 
pins for UARTO and UART1. 
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BASIC FUNCTION BLOCKS 

The M37732S4AFP contains the following devices on a 
single chip: RAM for storing instructions and data, CPU for 
processing, bus interface unit (which controls instruction 
prefetch and data read/write between CPU and memory), 
timers, UART, A-D converter, and other peripheral devices 
such as I/O ports. Each of these devices are described 
below. 


MEMORY 

The memory map is shown in Figure 1. The address space 
is 16M bytes from addresses 0;, to FFFFFFi¢. The address 
space is divided into 64K bytes units called banks. The 
banks are numbered from 0;¢ to FF46.. 

Built-in RAM and control registers for built-in peripheral de- 
vices are assigned to bank 04¢. 


Addresses FFD6i,¢ to FFFF;, are the RESET and interrupt 
vector addresses and contain the interrupt vectors. Use 
ROM for memory of this address. Refer to the section on 
interrupts for details. 

The 2048 bytes area from addresses 80;, to 87F,, contains 
the built-in RAM. In addition to storing data, the RAM is 
used as stack during a subroutine call, or interrupts. 
Assigned to addresses 0;, to 7Fig are peripheral devices 
such as I/O ports, A-D converter, UART, timer, and inter- 
rupt control registers. 

A 256 bytes direct page area can be allocated anywhere in 
bank 01, using the direct page register DPR. In direct page 
addressing mode, the memory in the direct page area can 
be accessed with two words thus reducing program steps. 


000000i¢ 000000), 
00007 Fie 


Periph i 
000080), eripheral devices 


control registers 


| 
| see Fig. 2 for ) 


Internal RAM further information 


OOFFFFi¢ 2048 bytes 


a 
010000i¢ i 00007F,. 


00087F 1, 





O1FFFFi¢ 


Interrupt vector table 
OOFFD6,, T ~] 


Timer BO 


pe SEED aes 
FE00001¢ Timer A4 


\ 


\ 
FEFFFF;, \ 


| 

| 

| 

| 

| 

| 
L 
T 

| 

| 

| 

| 

| 

| 

| 

| 

| 

K- | 

FFO000\. \ | 

| | 


\ 
Bank FF. | 


OOFFD6,, LK 
\ 


\ 
l 
FFFFFFi¢ {_ OOFFFFic \L_ 


{J - Internal * 


es. 
Lavine : External 





Fig. 1 Memory map 
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\ 























Address (Hexadecimal notation) . Address (Hexadecimal notation) 
000000 000040 Count start flag 
o00001 of OOCOA 1. en ee el 
o00002 | 000042 | One-shot start flag 
000003 | 000043 
gos [CCS rennet 
000046 . 
oo00e fr Timer AO 
000047 
oo0007 | 
000048 : 
ooo008 | ——i—CsisCis Timer Al : 
000049 
000009 Ns cee ues enone ade et 00004A 
QOO00A Port P4 Timer A2 
00004B 
00000B Port P5 00004C 
00000C Port P4 data direction register 00004D Timer A3 
00000D Port P5 data direction register 00004E 
QOOO0E | Port P6 Timer A4 
00004F 
OOO00F Port P7 000050 
000010 | Port P6 data direction register. ssi P6 data direction register . 000051 Timer BO 
000011 Port P7 data direction register 000052 
000012 Port P8 Timer B1 
000053 
000013 ; 000054 
000014 Port P8 data direction register 000055 Timer B2 
000015 , ; 
000056 Timer AO mode register ; 
000016 : : 
000057 Timer Al mode register 
000017 : : 
000058 Timer A2 mode register 
000018 : : 
000059 Timer A3 mode register 
000019 : 
00005A Timer A4 mode register 
00001A : : 
00005B Timer BO mode register 
00001B : ; 
00005C Timer B1 mode register 
000010 00005D Timer B2 mode register 
00001D 





OOOO5E Processor mode register 
00005F 
000060 Watchdog timer 

000061 Watchdog timer frequency selection flag 


00001E A-D control register 
00001 F A-D sweep pin selection register 
000020 A-D register 0 









































000021 : 
: 000062 Waveform output mode register 
000022 A-D register 1 
ooo0es | 
000023 : 
; 000064 Pulse output data register 1 
000024 A-D register 2 aie 
000065 Pulse output data register 0 
000025 
000026 | A-D register 3 hanes 
000067 
000027 
; ooo0s8 | ssi 
000028 A-D register 4 
000069 | 
ra ooo0eA | O™~—SC“CSC*‘“‘“‘(®SCSCW 
00002A A-D register 5 
00006B 
00002B 00006C 
00002C A-D register 6 
00006D 
phen oosae [| CC~<C~;C;~;~;~C~S~*~™Y 
00002E A-D register 7 
OOOO6F 
oo002F [| ae : } 
; : ; 000070 A-D conversion interrupt control register 
000030 UART 0 transmit/receive mode register a ; 
; 000071 UARTO transmission interrupt control register 
000031 UART 0 bit rate generator ata 
000032 000072 UARTO receive interrupt control register 
UART 0 transmission buffer register 000073 UART1 transmission interrupt control register 
000033 ae : 
: : : 000074 UART1 receive interrupt control register 
000034 UART 0 transmit/receive control register 0 : ; 
5 ; : 000075 Timer AO interrupt control register 
000035 UART 0 transmit/receive control register 1 : 
000036 000076 Timer A1 interrupt control register 
UART 0 receive buffer register 000077 Timer A2 interrupt control register _ 
000037 , ; 
- : : 000078 Timer A3 interrupt control register 
000038 UART 1 transmit/receive mode register 
; 000079 Timer A4 interrupt control register 
000039 UART 1 bit rate generator ; : : 
00003A 00007A Timer BO interrupt control register 


UART 1 transmission buffer register 00007B Timer B1 interrupt control register 














saat 
00003C_ | UART 1 transmit/receive control register 0 00007C Timer B2 interrupt control register 
: : ; 00007D INT interrupt control register 
00003D UART 1 transmit/receive control register 1 : : 
00003E 00007E INT, interrupt control register 
00003F UART 1 receive buffer register 00007F INT2 interrupt control register 


Fig. 2. Location of peripheral devices and interrupt control registers 
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CENTRAL PROCESSING UNIT (CPU) 
The CPU has ten registers and is shown in Figure 3. Each 
of these registers is described below. 


ACCUMULATOR A (A) 

Accumulator A is the main register of the microcomputer. It 
consists of 16 bits and the lower 8 bits can be used separ- 
ately. The data length flag m determines whether the regis- 
ter is used as 16-bit register or as 8-bit register. It is used 
as a 16-bit register when flag m is “O” and as an 8-bit reg- 
ister when flag m is “1”. Flag m is a part of the processor 
status register (PS) which is described later. 

Data operations such as calculations, data transfer, input/ 
output, etc., is executed mainly through the accumulator. 


ACCUMULATOR B (B) 

Accumulator B has the same functions as accumulator A, 
but the use of accumulator B requires more _ instruction 
bytes and execution cycles than accumulator A. 


INDEX REGISTER X (X) 

Index register X consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“0” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 


es 0 
Program bank register PG 


7 


Data bank register DT 





Fig. 3 Register structure 


In index addressing mode, register X is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register X indicate the low- 
order 16 bits of the source data address. The third byte of 
the MVP and MVN is the high-order 8 bits of the source 
data address. 


INDEX REGISTER Y (Y) 

Index register Y consists of 16 bits and the lower 8 bits can 
be used separately. The index register length flag x deter- 
mines whether the register is used as 16-bit register or as 
8-bit register. It is used as a 16-bit register when flag x is 
“QO” and as an 8-bit register when flag x is “1”. Flag x is a 
part of the processor status register (PS) which is de- 
scribed later. 

In index addressing mode, register Y is used as the index 
register and the contents of this address is added to obtain 
the real address. 

Also, when executing a block transfer instruction MVP or 
MVN, the contents of index register Y indicate the low- 
order 16 bits of the destination address. The second byte of 
the MVP and MVN is the high-order 8 bits of the destina- 
tion data address. 


Accumulator A 
Accumulator B 
Index register X 
Index register Y 


Stack pointer S 
Program counter PC 
Direct page register DPR 


Processor status register PS 


Carry flag 

Zero flag 

Interrupt disable flag 

Decimal mode flag 

Index register length flag 

Data length flag 

Overfiow tlag 

Negative flag 

Processor interrupt priority level IPL 
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STACK POINTER (S) 

Stack pointer (S) is a 16-bit register. It is used during a 
subroutine call or interrupts. It is also used during stack, 
stack pointer relative, or stack pointer relative indirect in- 
dexed Y addressing mode. 


PROGRAM COUNTER (PC) 

Program counter (PC) is a 16-bit counter that indicates the 
low-order 16 bits of the next program memory address to 
be executed. There is a bus interface unit between the 
program memory and the CPU, so that the program mem- 
ory is accessed through bus interface unit. This is de- 
scribed later. 


PROGRAM BANK REGISTER (PG) 

Program bank register is an 8-bit register that indicates the 
high-order 8 bits of the next program memory address to 
be executed. When a carry occurs by incrementing the 
contents of the program counter, the cotents of the program 
bank register (PG) is incremented by 1. Also, when a carry 
or borrow occurs after adding or subtracting the offset 
value to or from the contents of the program counter (PC) 
using branch instruction, the contents of the program bank 
register (PG) is incremented or decremented by 1 so that 
programs can be written without worrying about bank 
boundaries. 


DATA BANK REGISTER (DT) 

Data bank register (DT) is an 8-bit register. With some 
addressing modes, a part of the data bank register (DT) is 
used to specify a memory address. The contents of data 
bank register (DT) is used as the high-order 8 bits of a 24- 
bit address. Addressing modes that use the data bank reg- 
ister (DT) are direct indirect, direct indexed X indirect, 
‘direct indirect indexed Y, absolute, absolute bit, absolute 
indexed X, absolute indexed Y, absolute bit relative, and 
stack pointer relative indirect indexed Y. 


DIRECT PAGE REGISTER (DPR) 

Direct page register (DPR) is a 16-bit register. Its contents 
is used as the base address of a 256-byte direct page 
area. The direct page area is allocated in bank 0, but when 
the contents of DPR is FF01,,. or greater, the direct page 
area spans across bank 0;, and bank 14. All direct addres- 
sing modes use the contents of the direct page register 
(DPR) to generate the data address. If the low-order 8 bits 
of the direct page register (DPR) is “00;,”, the number of 
cycles required to generate an address is minimized. Nor- 
mally the low-order 8 bits of the direct page register (DPR) 
is set to “00;,”. | 


( 


PROCESSOR STATUS REGISTER (PS) 


Processor status register (PS) is an 11-bit register. It con- 


_ sists of a flag to indicate the result of operation and CPU 


interrupt levels. 

Branch operations can be performed by testing the flags C, 
Z, V, and N. 

The details of each processor status register bit are de- 
scribed below. 


1. Carry flag (C) 

The carry flag contains the carry or borrow generated by 
the ALU after an arithmetic operation. This flag is also 
affected by shift and rotate instructions. This flag can be set 
and reset directly with the SEC and CLC instructions or 


with the SEP and CLP instructions. 


2. Zero flag (Z) 

This zero flag is set if the result of an arithmetic operation 
or data transfer is zero and reset if it is not. This flag can 
be set and reset directly with the SEP and CLP instructions. 


3. Interrupt disable flag (1) 7 
When the interrupt disable flag is set to “1”, all interrupts 
except watchdog timer, DBC, and software interrupt are 
disabled. This flag is set to “1” automatically when there is 
an interrupt. It can be set and reset directly with the SEI 
and CLI instructions or SEP and CLP instructions. 


4. Decimal mode flag (D) 

The decimal mode flag determines whether addition and 
subtraction are performed as binary or decimal. Binary 
arithmetic is performed when this flag is “O”. If it is “1”, de- 
cimal arithmetic is performed with each word treated as 
two or four digit decimal. Arithmetic operation is performed 
using four digits when the data length flag m is “O” and with 
two digits when it is “1”. (Decimal operation is possible 
only with the ADC and SBC instructions.) This flag can be 
set and reset with the SEP and CLP instructions. 
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5. Index register length flag (x) 

The index register length flag determines whether index 
register X and index register Y are used as 16-bit registers 
or as 8-bit registers. The registers are used as 16-bit regis- 
ters when flag x is “O” and as 8-bit registers when it is “1”. 
This flag can be set and reset with the SEP and CLP in- 
structions. 


6. Data length flag (m) 

The data length flag determines whether the data length is 
16-bit or 8-bit. The data length is 16-bit when flag m is “O” 
and 8-bit when it is “1”. This flag can be set and reset with 
the SEM and CLM instructions or with the SEP and CLP in- 
structions. 


7. Overflow flag (V) 

The overflow flag has meaning when addition or subtraction 
is performed a word as signed binary number. When the 
data length flag m is “0”, the overflow flag is set when the 
result of addition or subtraction is outside the range be- 
tween — 32768 and + 32767. When the data length flag m 
is “1”, the overflow flag is set when the result of addition or 
subtraction is outside the range between —128 and +127. 
It is reset in all other cases. The overflow flag can also be 
set and reset directly with the SEP, and CLV or CLP in- 
structions. 


8. Negative flag (N) 

The negative flag is set when the result of arithmetic op- 
eration or data transfer is negative (If data length flag m is 
“0”, when data bit 15 is “1”. If data length flag m is “1”, 
when data bit 7 is “1”.) It is reset in all other cases. It can 
also be set and reset with the SEP and CLP instructions. 


Control signal 


9. Processor interrupt priority level (IPL) 
The processor interrupt priority level (IPL) consists of 3 bits 
and determines the priority of processor interrupts from 
level 0 to level 7. Interrupt is enabled when the interrupt 
priority of the device requesting interrupt (set using the in- 
terrupt control register) is higher than the processor inter- 
rupt priority. When interrupt is enabled, the current proces- 
sor interrupt priority level is saved in a stack and the pro- 
cessor interrupt priority level is replaced by the interrupt 
priority level of the device requesting the interrupt. Refer to 
the section on interrupts for more details. 


BUS INTERFACE UNIT 

The CPU operates on an internal clock frequency which is 
obtained by dividing the external clock frequency fix.) by 
two. This frequency is twice the bus cycle frequency. In 
order to speed-up processing, a bus interface unit is used 
to pre-fetch instructions when the data bus is idle. The bus 
interface unit synchronizes the CPU and the bus and pre- 
fetches instructions. Figure 4 shows the relationship be- 
tween the CPU and the bus interface unit. The bus inter- 
face unit has a program address register, a 3-byte instruc- 
tion queue buffer, a data address register, and a 2-byte 
data buffer. 

The bus interface unit obtains an instruction code from 
memory and stores it in the instruction queue buffer, 
obtains data from memory and stores it in the data buffer, 
or writes the data from the data buffer to the memory. 


Bus interface 


unit 





Fig. 4 Relationship between the CPU and the bus interface unit 
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The bus interface unit operates using one of the waveforms 
(1) to (6) shown in Figure 5. The standard waveforms are 
(1) and (2). 

The ALE signal is used to latch only the address signal 
from the multiplexed signal containing data and address. 
The E signal becomes “L” when the bus interface unit 
reads an instruction code or data from memory or when it 
writes data to memory. Whether to perform read or write is 
controlled by the R/W signal. Read is performed when the 
R/W signal is “H” state and write is performed when it is 
“L” state. 

Waveform (1) in Figure 5 is used to access a single byte or 
two bytes simultaneously. To read or write two bytes simul- 
taneously, the first address accessed must be even. Furth- 
ermore, when accessing an external memory area, set the 
bus width selection input pin BYTE to “L”. (external data 
bus width to 16 bits) The internal memory area is always 
treated as 16-bit bus width regardless of BYTE. 

When performing 16-bit data read or write, if the conditions 
for simultaneously accessing two bytes are not satisfied, 
waveform (2) is used to access each byte one by one. 
However, when prefetching the instruction code, if the 
address of the instruction code is odd, waveform (1) is 
used, and only one byte is read in the instruction queue 
buffer. | 

The signals Ag and BHE in Figure 5 are used to control 
these cases: 1-byte read from even address, 1-byte read 
from odd address, 2-byte simultaneous read from even and 
odd addresses, 1-byte write to even address, 1-byte write 
to odd address, or 2-byte simultaneous write to even and 
odd addresses. The Ag signal that is the address bit 0 is 
“L” when an even number address is accessed. The BHE 
signal becomes “L” when an odd number address is 
accessed. 

The bit 2 of processor mode register (address 5E;¢) is the 
wait bit. When this bit is set to “0”, the “L” width of E signal 
is 2 times as long when accessing an external memory 
area. However, the “L” width of E signal is not extended 
when an internal memory area is accessed. When the wait 
bit is “1”, the “L” width of E signal is not extended for any 
access. Waveform (3) is an expansion of the “L” width of E 
signal in waveform (1). Waveform (4),(5), and (6) are ex- 


A : Address 
D : Data 
Ai/Dj indicates multiplex I/O pin with address data and data. 


pansion of each “L” width of E signal in waveform (2), first 
half of waveform (2), and the last half of waveform (2) re- 
spectively. 





Access 
method! Access 2-byte| Access even | Access odd 
simultaneously} address 1-byte | address 1-byte 
ie 
BHE as 





Fig. 5 Relationship between access method and 


signals Ag and BHE 
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Instruction code read, data read, and data write are de- 
scribed below. 

Instruction code read will be described first. 

The CPU obtains instruction codes from the instruction 
queue buffer and executes them. The CPU notifies the bus 
interface unit that it is requesting an instruction code during 
an instruction code request cycle. If the requested instruc- 
tion code is not yet stored in the instruction queue buffer, 
the bus interface unit halts the CPU until it can store more 
instructions than requested in the instruction queue buffer. 
Even if there is no instruction code request from the CPU, 
the bus interface unit reads instruction codes from memory 
and stores them in the instruction queue buffer when the 
instruction queue buffer is empty or when only one instruc- 
tion code is stored and the bus is idle on the next cycle. 
This is referred to as instruction pre-fetching. 

Normally, when reading an instruction code from memory, if 
the accessed address is even the next odd address is read 
together with the instruction code and stored in the instruc- 
tion queue buffer. 

However, if the bus width switching pin BYTE is “H”, exter- 
nal data bus width is 8 bits and the address to be read is in 
external memory area is odd, only one byte is read and 
stored in the instruction queue buffer. Therefore, waveform 
(1) or (3) in Figure 5 is used for instruction code read. 

Data read and write are described below. 

The CPU notifies the bus interface unit when performing 
data read or write. At this time, the bus interface unit halts 
the CPU if the bus interface unit is already using the bus or 
if there is a request with higher priority. When data read or 
write is enabled, the bus interface unit uses one of the 
waveforms from (1) to (6) in Figure 5 to perform the opera- 
tion. | 

During data read, the CPU waits until the entire data is 
stored in the data buffer. The bus interface unit sends the 
address received from the CPU to the address bus. Then it 
reads the memory when the E signal is “L” and stores the 
result in the data buffer. 

During data write, the CPU writes the data in the data buf- 
fer and the bus interface unit writes it to memory. There- 
fore, the CPU can proceed to the next step without waiting 
for write to complete. The bus interface unit sends the 
address received from the CPU to the address bus. Then 
when the E signal is “L”, the bus interface unit sends the 
data in the data buffer to the data bus and writes it to 
memory. 
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INTERRUPTS Table 1. Interrupt types and the interrupt vector 
Table 1 shows the interrupt types and the corresponding addresses 


interrupt vector addresses. Reset is also treated as a type interrupts Vector addresses 





















of interrupt and is discussed in this section, too. A-D conversion OOFFD6,, OOFFD7i¢ 
DBC is an interrupt used during debugging. UART1 transmit 
Interrupts other than reset, DBC, watchdog timer, zero di- UART1 receive OOFFDAis - OOFFDBis 
vide, and BRK instruction all have interrupt control regis- UARTO cet CHEE DC ie. SOFERD is 
ters. Table 2 shows the addresses of the interrupt control Poult ieceve OOD ee. WOEnERe 

; . Timer B2 OOFFEO,, OOFFE1i, 
registers and obs 6 shows the bit configuration of the in- Tce OOFFE2,, OOFFE3,, 
gee des 
Use the SEB and CLB instructions when setting each inter- OOFFE6,,  OOFFE7;, 
rupt control register. 


Timer A3 OOFFE8,, OOFFE94, 


Timer A2 
Timer A1 OOFFEC,, O0FFED,, 

Timer AQ | 
INT, external interrupt 
INT, external interrupt 
INT, external interrupt 


Watchdog timer OOFFF6,, OOFFF7i, 


The interrupt request bit is automatically cleared by the 
hardware during reset or when processing an interrupt. 
Also, interrupt request bits other than DBC and watchdog 
timer can be cleared by software. 

INT. to INTg are external interrupts and whether to cause 
an interrupt at the input level (level sense) or at the edge 
(edge sense) can be selected with the level sense/edge 
























sense selection bit. Furthermore, the polarity of the inter BES AMEE! rei SL ea 
a ; ' Ait nee P | y a Break instruction OOFFFAig OOFFFBie 
rupt input can be selected with polarity selection bit. Zero divide OOFFFC,,  OOFFFD;, 


Timer and UART interrupts are described in the respective 
section. 

The priority of interrupts when multiple interrupts are 
caused simultaneously is partially fixed by hardware, but, it 
can also be adjusted by software as shown in Figure 7. The 
hardware priority is fixed the following: 

reset > DBC > watchdog timer > other interrupts 


OOFFFE;, OOFFFFi¢ 


Interrupt priority 


Interrupt request bit 
0 : No interrupt 
1: Interrupt 


Interrupt control register configuration for A-D converter, UARTO, UART1, timer AO to timer A4, and timer BO to timer B2 


1 Ra ae, ae ey ee, 


an ica 


Interrupt priority 


Interrupt request bit 
0 : No interrupt 


1: Interrupt 
Polarity selection bit 


0 - Set interrupt request bit at “H” level for level sense and when changing from “H” to “L” 
level for edge sense. 


1: Set interrupt request bit at “L” level for level sense and when changing from “L” to “H” 
level for edge sense. 
Level sense/edge sense selection bit 


Q : Edge sense 
1 : Level sense 
Interrupt control register configuration for INT2~INTo. 





Fig.6 Interrupt controi register configuration 
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Table 2. Addresses of interrupt control registers 


Interrupt control registers 


A-D conversion interrupt control register 000070;. 














































UARTO transmit interrupt control register 0000714. 
UARTO receive interrupt control register 000072). 
UART1 transmit interrupt control register 0000731, 











UART1 receive interrupt control register 0000744. 


Timer AO interrupt control register 00007546 
Timer A1 interrupt control register 00007616 






















































00007714 
Timer A3 interrupt control register 000078;, 
Timer A4 interrupt control register 0000794. 
Timer BO interrupt control register 00007A\, 
Timer B1 interrupt control register 00007B,, 
Timer B2 interrupt control register 00007C;, 
INTo interrupt control register 00007D,, 
INT, interrupt control register Zz 00007Ei¢ 
INT» interrupt control register 00007Fi¢ 








Interrupts caused by a BRK instruction and when dividing 
by zero are software interrupts and are not included in this 
list. 

Other interrupts previously mentioned are A-D converter, 
UART, Timer, INT interrupts. The priority of these interrupts 
can be changed by changing the priority level in the cor- 
responding interrupt control register by software. 

Figure 8 shows a diagram of the interrupt priority resolution 
circuit. When an interrupt is caused, the each interrupt de- 
vice compares its own priority with the priority from above 
and if its own priority is higher, then it sends the priority be- 
low and requests the interrupt. If the priorities are the 
same, the one above has priority. 

This comparison is repeated to select the interrupt with the 
highest priority among the interrupts that are being re- 
quested. Finally the selected interrupt is compared with the 
processor interrupt priority level (IPL) contained in the pro- 
cessor status register (PS) and the request is accepted if it 
is higher than IPL and the interrupt disable flag | is “O”. The 
request is not accepted if flag | is “1”. The reset, DBC, and 
watchdog timer interrupts are not affected by the interrupt 
disable flag I. 

When an interrupt is accepted, the contents of the proces- 
sor status register (PS) is saved to the stack and the inter- 
rupt disable flag | is set to “1”. | 
Furthermore, the interrupt request bit of the accepted inter- 
rupt is cleared to “O” and the processor interrupt priority 
level (IPL) in the processor status register (PS) is replaced 
by the priority level of the accepted interrupt. 

Therefore, multi-level priority interrupts are possible by re- 





Priority resolution is performed by latching the interrupt re- 
quest bit and interrupt priority level so that they do not 
change. They are sampled at the first half and latched at 
the last half of the operation code fetch cycle. 

Because priority resolution takes some time, no sampling 
pulse is generated for a certain interval even if it is the next 
operation code fetch cycle. 


Priority is determined by hardware 


@ OG © oO 
ee ee ee es | 


| a | Watchdog 
| timer DBC 


A-D converter, UART, Timer, INT interrupts 


Priority can be changed with software inside 4 





Fig. 7 Interrupt priority 


A-D conversion 

Interrupt request UART1 transmit 
UART1 receive 
UARTO transmit 
| Reset | UARTO receive 

Timer B2 

Timer B1 

Timer BO 
Timer A4 


Timer A3 


Watchdog 
timer 


Timer A2 


Timer A1 


all Db Db Db 


SIRKETI EK KKE-KEX 


Interrupt disable flag | Timer AO 


z 
o 
Ls) 


(\ 


| 


— 
= 








Fig. 8 Interrupt priority resolution 

setting the interrupt disable flag | to “O” and enable further 
interrupts. 

For reset, DBC, watchdog timer, zero divide, and BRK in- 
struction interrupts, which do not have an interrupt control 
register, the processor interrupt level (IPL) is set as shown 
in Table 3. 
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As shown in Figure 9, there are three different interrupt 
priority resolution time from which one is selected by soft- 
ware. After the selected time has elapsed, the highest 
priority is determined and is processed after the currently 
executing instruction has been completed. | 
The time is selected with bits 4 and 5 of the processor 
mode register (address 5E,¢) shown in Figure 10. Table 4 
shows the relationship between these bits and the number 
of cycles. After a reset, the processor mode register is in- 
itialized to “O00,” and therefore, the longest time is 
selected. 

However, the shortest time should be selected by software. 


Internal clock ¢ 


Table 3. Value set in processor interrupt level (IPL) 
during an interrupt 


Interrupt types . 


| Reset 









Setting value 










Not change value of IPL. 
Not change value of IPL. 








Table 4. Relationship between priority level resolution 


time selection bit and number of cycles 


Priority level resolution time selection bit 
| Number of cycles 








7 cycles of ¢ 
4 cycles of ¢ 
2 cycles of ¢ 











¢ : internal clock 


Pages se eae ee eee eae 


Operation code fetch vie {| | [| ~L 


Sampling pulse 
eae 0 
. Priority resolution time 
Select from 0 to 2 with bits 

4 and 5 of the processor 


mode register 


Fig. 9 


Interrupt priority resolution time 





4 Processor mode register(5E1.6) 

















Fig. 10 Processor mode register configuration 


Processor mode bits 
Q : Microprocessor mode 


1 : Evaluation chip mode 
Must be “1” 
(It is set to “1” after a reset) 
Wait bit 
0 : Wait 
1 : No wait 
Software reset bit 
The processor is reset when this bit is set to “1”. 


Priority resolution time selection bit 
0 0 : Select 0 in Figure 9 
0 1 : Select 1 in Figure 9 
1 0 : Select 2 in Figure 9 
Test mode bit 
Must be “0" 
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TIMER 

There are eight 16-bit timers. They are divided by type into 
timer A(5) and timer B(3). 

The timer I/O pins are shared with I/O pins for port P5 and 
P6. To use these pins as timer input pins, the data direction 
register bit corresponding to the pin must be cleared to “0” 
to specify input mode. 


TIMER A 

Figure 11 shows a block diagram of timer A. 

Timer A has four modes; timer mode, event counter mode, 
one-shot pulse mode, and pulse width modulation mode. 
The mode is selected with bits 0 and 1 of the timer Ai 
mode register (i'=0 to 4). Each of these modes is de- 
scribed below. 


Clock source selection 

° Timer 

* One-shot 

¢ Pulse width mogulation 


f2 ——-O 
fig —O 
feos —O 


Timer(gate function) 
fs12-—O O 


Polarity Event counter 


selection 


External trigger 


Down count 


Count start flag 


(40,6) 


(1) Timer mode (00) 

Figure 12 shows the bit configuration of the timer Ai mode 
register during timer mode. Bits 0, 1, and 5 of the timer Ai 
mode register must always be “0” in timer mode. 

Bit 3 is ignored if bit 4 is “0”. 

Bits 6 and 7 are used to select the timer counter source. 
The counting of the selected clock starts when the count 
start flag is “1” and stops when it is “0”. 

Figure 13 shows the bit configuration of the count start flag. 
The counter is decremented, an interrupt is caused and the 
interrupt request bit in the timer Ai interrupt control register 
is set when the contents becomes 0000,,¢. At the same 
time, the contents of the reload register is transferred to the 
counter and count is continued. 


~~ Data bus (odd 


_<. Data bus (even) 


Reload register(16) 


uy 


Counter(16) Addresses 


Up/Down TimerA0 4716 4646 


hese decremented iat 49,6 4816 


except in event count mode/||_ 
TimerA2 4Big 4Ai6 


O TimerA3 4Di¢ 4Cy6 


Timer A4 4F ig 4E x6 


Up-down flag O 


(44,6) 


Pulse output 


Toggle flip-flop 


Fig. 11 Block diagram of timer A 
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When bit 2 of the timer Ai mode register is “1”, the output 
is generated from TAigyr pin. The output is toggled each 
time the contents. of the counter reaches to 0000,¢. When 
the contents of the count start flag is “0”, “L” is output from 
TAiourt pin. | 

When bit 2 is “0”, TAigyy can be used as a normal port pin. 
When bit 4 is “0”, TAijy can be used as a normal port pin. 
When bit 4 is “1”, counting is performed only while the in- 
put signal from the TAi\y pin is “H” or “L” as shown in Fi- 
gure 14.. Therefore, this can be used to measure the pulse 
width of the TAi,, input signal. Whether to count while the 
input signal is “H” or while it is “L” is determined by bit 3. If 
bit 3 is “1”, counting is performed while the TAi,, pin input 


signal is “H” and if bit 3 is “O”, counting is performed while 
itis “L”. 

Note that the duration of “H” or “L” on the TAi,,y pin must be 
two or more cycles of the timer count source. : 
When data is written to timer Ai register with timer Ai 
halted, the same data is also written to the reload register 
and the counter. When data is written to timer Ai which is 
busy, the data is written to the reload register, but not to 
the counter. The counter is reloaded with new data from 
the reload register at the next reload time. The contents of 
the counter can be read at any time. 

When the value set in the timer Ai register is n, the timer 
frequency dividing ratio is 1/(n +1). 


Addresses 


Timer AO mode register 5616 


Timer A1 mode register 5746 
Timer A2 mode register 5846 
Timer A3 mode register 5946 
Timer A4 mode register 5Ai6 


0 0 : Always “00” in timer mode 


: No pulse output (TAigyr is normal port pin) 


- Pulse output 


: No gate function (TAijy is normal port pin) 
1 0 : Count only while TAiy, input is “L” 


1 1 : Count only while TAiiy input is “H” 


0 : Always “0” in timer mode 


Clock source selection bit 
0 0 : Select f. 
01 : Select fie 
10 : Select fe, 


1 1 : Select fs1. 





Fig. 12 Timer Ai mode register bit configuration during timer mode 
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7 6 5 4 3 2 1 0 Count start flag Address 
4016 
iol) 


Timer AO count start flag 


Timer A1 count start flag 


Timer A2 count start flag 
Timer A3 count start flag 
Timer A4 count start flag 
Timer BO count start flag 
Timer B1 count start flag 


Timer B2 count start flag 





Fig. 13 Count start flag bit configuration 


Selected clock source fj 


eet ee Be 


Timer mode register 
Bit 4 Bit 3 


oe ee UUUUUU UU 


Timer mode register 


Bit 4 Bit 3 
UUUUUUU VUUUUUUY 


Fig. 14 Count waveform when gate function is available 
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(2) Event counter mode (01) 

Figure 15 shows the bit configuration of the timer Ai mode 
register during event counter mode. In event counter mode, 
the bit 0 of the timer Ai mode register must be “1” and bit 1 
and 5 must be “0”. 

The input signal from the TAi,, pin is counted when the 
count start flag shown in Figure 13 is “1” and counting is 
stopped when it is “O”. 

Count is performed at the fall of the input signal when bit 3 
is “O” and at the rise of the signal when it is “1”. 

In event counter mode, whether to increment or decrement 
the count can be selected with the up-down flag or the in- 
put signal from the TAiour pin. 

When bit 4 of the timer Ai mode register is “0”, the up- 
down flag is used to determine whether to increment or de- 
crement the count (decrement when the flag is “O” and in- 
crement when it is “1”). Figure 16 shows the bit configura- 
tion of the up-down flag. 

When bit 4 of the timer Ai mode register is “1”, the input 
signal from the TAigur pin is used to determine whether to 
increment or decrement the count. However, note that bit 2 
must be “O” if bit 4 is “1” because if bit 2 is “1”, TAigyy pin 
becomes an output pin with pulse output. 

The count is decremented when the input signal from the 
TAigur pin is “L” and incremented when it is “H”. Deter- 
mine the level of the input signal from the TAigyr pin be- 
fore valid edge is input to the TAijy, pin. 


An interrupt request signal is generated and the interrupt © 


request bit in the timer Ai interrupt control register is set 
when the counter reaches 0000,, (decrement count) or 
FFFFi¢ (increment count). At the same time, the contents 
of the reload register is transferred to the counter and the 
count is continued. 

“When bit 2 is “1” and the counter reaches 0000i¢ 

(decrement count) or FFFFi, (increment count), the wave- 
form reversing polarity is output from TAigyrz pin. 
If bit 2 is “O”, TAigyr pin can be used as a normal port pin. 
However, if bit 4 is “1” and the TAigy;y pin is used as an 
output pin, the output from the pin changes the count direc- 
tion. Therefore, bit 4 should be “0” unless the output from 
the TAioyrz pin is to be used to select the count direction. 








Addresses 
Timer AO mode register. 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


- Always “01” in event counter mode 
- No pulse output 
- Pulse output 


: Count at the falling edge of input signal 
: Count at the rising edge of input signal 


: Increment or decrement according 
to up/down flag 
: Increment or decrement according 


to TAiour pin input signal level 


: Always “0” in event counter mode 


: Not used in event counter mode 


Fig. 15 Timer Ai mode register bit configuration 
during event counter mode 


Address 
4416 


7 65.4 3°2°51:0 
Up-down flag 


Timer AO up-down flag 
Timer A1 up-down flag 
Timer A2 up-down flag 
Timer A3 up-down flag 


Timer A4 up-down flag 


Timer A2 two-phase pulse signal 
processing selection bit 


0 : Two-phase pulse signal processing 
disabled 

1 : Two-phase pulse signal processing 
mode 





Timer A3 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 


1 : Two-phase pulse signal processing 
mode 


Timer A4 two-phase pulse signal 
processing selection bit 
0 : Two-phase pulse signal processing 
disabled 
1 : Two-phase pulse signal processing 
mode 


Fig. 16 Up-down flag bit configuration 
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Data write and data read are performed in the same way as 
for timer mode. That is, when data is written to timer Ai 
halted, it is also written to the reload register and the coun- 
ter. When data is written to timer Ai which is busy, the data 
is written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. The counter can be read at any 
time. 

In event counter mode, whether to increment or decrement 
the counter can also be determined by supplying two- 
phase pulse input with phase shifted by 90° to timer A2, A3, 
or A4. There are two types of two-phase pulse processing 
operations. One uses timers A2 and A3, and the other uses 
timer A4. In either processing operation, two-phase pulse is 
input in the same way, that is, pulses out of phase by 90° 
are input at the TAjour (j=2 to 4) pin and TAjix pin. 

When timers A2 and A3 are used, as shown in Figure 17, 
the count is incremented when a rising edge is input to the 
TAK pin after the level of TAkgoyr (kK=2, 3) pin changes 
from “L” to “H”, and when the falling edge is inserted, the 
count is decremented. 

For timer A4, as shown in Figure 18, when a phase related 
pulse with a rising edge input to the TA4,, pin is input after 
the level of TA4our pin changes from “L” to “H”, the count 
is incremented at the respective rising edge and falling 
edge of the TA4ou7 pin and TA4,y pin. 

When a phase related pulse with a falling edge input to the 
TA4our pin is input after the level of TA4,, pin changes 
from “H” to “L”, the count is decremented at the respective 
rising edge and falling edge of the TA4,y pin and TA4our 
pin. When performing this two-phase pulse signal proces- 


sing, timer Aj mode register bit 0 and bit 4 must be set to 
“1” and bits 1, 2, 3, and 5 must be “O”. Bits 6 and 7 are 
ignored. Note that bits 5, 6, and 7 of the up-down flag reg- 
ister (44,,) are the two-phase pulse signal processing 
selection bit for timer A2, A3, and A4 respectively. Each 
timer operates in normal event counter mode when the cor- 
responding bit is “O” and performs two-phase pulse signal 
processing when it is “1”. 

Count is started by setting the count start flag to “1”. Data 
write and read are performed in the same way as for nor- 
mal event counter mode. Note that the direction register of 
the input port must be set to input mode because two- 
phase pulse signal is input. Also, there can be no pulse 
output in this mode. 


Addresses 
Timer A2 mode register 5846 


Timer A3 mode register 5916 


Timer A4 mode register 5Ai6 


0 1 ° Always “01” in event counter mode 


0 100 : Always “0100” when processing 
two-phase pulse signal 


xX X : Not used in event counter mode 





Fig. 19 Timer Aj mode register bit configuration when 
performing two-phase pulse signal processing 
in event counter mode : 


TAKin f | f | f | | | | 
(k=2, 3) 


Increment- Increment-  Increment- 





Decrement- Decrement- Decrement- 
count count count count count 


count 


Fig. 17 Two-phase pulse processing operation of timer A2 and timer A3 






Increment-count at each edge 





increment-count at each edge 








Decrement-count at each edge 


FUPCh Ui cie 





Decrement-count at each edge 
Fig. 18 Two-phase pulse processing operation of timer A4 
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(3) One-shot pulse mode (10) 
Figure 20 shows the bit configuration of the timer Ai mode 
register during one-shot pulse mode. In one-shot pulse 
mode, bit 0 and bit 5 must be “O” and bit 1 and bit 2 must 
be “1”. : 
The trigger is enabled when the count start flag is “1”. The 
trigger can be generated by software or it can be input 
from the TAi,y pin. Software trigger is selected when bit 4 
is “O” and the input signal from the TAijy pin is used as the 
trigger when it is “1”. 
Bit 3 is used to determine whether to trigger at the fall of 
the trigger signal or at the rise. The trigger is at the fall of 
the trigger signal when bit 3 is “O” and at the rise of the 
trigger signal when it is “1”. 
Software trigger is generated by setting the bit in the one- 
shot start flag corresponding to each timer. 
Figure 21 shows the bit configuration of the one-shot start 
flag. 
As shown in Figure 22, when a trigger signal is received, 
the counter counts the clock selected by bits 6 and 7. 
If the contents of the counter is not 0000;.¢, the TAiour pin 
goes “H” when a trigger signal is received. The count 
direction is decrement. 
When the counter reaches 0001,.¢, The TAigyr pin goes “L” 
and count is stopped. The contents of the reload register is 
transferred to the counter. At the same time, an interrupt 
request signal is generated and the interrupt request bit in 
the timer Ai interrupt control register is set. This is repe- 
ated each time a trigger signal is received. The output 
pulse width is 
1 
pulse frequency of the selected clock 





X(counter’s value at the time of trigger). 
If the count start flag is “O”, TAinyr goes “L”. Therefore, the 
value corresponding to the desired pulse width must be 
written to timer Ai before setting the timer Ai count start 
flag. 
As shown in Figure 23, a trigger signal can be received be- 
fore the operation for the previous trigger signal is com- 
pleted. In this case, the contents of the reload register is 
transferred to the counter by the trigger and then that value 
is decremented. | 
Except when retriggering while operating, the contents of 
the reload register is not transferred to the counter by trig- 
gering. . 
When retriggering, there must be at least one timer count 
source cycle before a new trigger can be issued. 
Data write is performed to the same way as for timer mode. 
When data is written in timer Ai halted, it is also written to 
the reload register and the counter. 
When data is written to timer Ai which is busy, the data is 
written to the reload register, but not to the counter. The 
counter is reloaded with new data from the reload register 
at the next reload time. . 
Undefined data is read when timer Ai is read. 








Addresses 
Timer AO mode register 5616 | 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5946 


Timer A4 mode register 5Ais 


. Always “10” in one-shot pulse mode 
- Always “1” in one-shot pulse mode 


- Software trigger 


- Trigger at the falling edge of TAijy 
input 


- Trigger at the rising edge of TAiny 


input 
——— 0 : Always “0” in one-shot pulse mode 











Clock source selection 
00 : Select fp 
01 : Select fy, 
10 : Select fe, 


11 ° Select fs12 


Fig. 20 Timer Ai mode register bit configuration during 
one-shot pulse mode 


Address 
76543210 


One-shot start flag 4216 


Timer AO one-shot start flag 


Timer A1 one-shot start flag 


Timer A2 one-shot start flag 


Timer A3 one-shot start flag 


Timer A4 one-shot start flag 


Fig. 21 One-shot start flag bit configuration 
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Selected clock 
source fj 


TAin 
(in case of the 


rising edge) 


TAiout | | | | 


Example when the contents of the reload register is 0003;. 





Fig. 22 Pulse output example when external rising edge is selected 


Selected clock 
source fj 


TAiin k | f | 


(in case of the 
rising edge) 


TAiout | | 


Example when the contents of the reload register is 0004,., 





Fig. 23 Example when trigger is re-issued during pulse output 
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(4) Pulse width modulation mode (11) 
Figure 24 shows the bit configuration of the timer Ai mode 
register during pulse width modulation mode. In pulse 
width modulation mode, bits 0, 1, and 2 must be set to “1”. 
Bit 5 is used to determine whether to perform 16-bit length 
pulse width modulator or 8-bit length pulse width modula- 
tor. 16-bit length pulse width modulator is performed when 
bit 5 is “O” and 8-bit length pulse width modulator is per- 
formed when it is “1”. The 16-bit length pulse width mod- 
ulator is described first. 

The pulse width modulator can be started with a software 
trigger or with an input signal from a TAiy pin (external 
trigger). : 
The software trigger mode is selected when bit 4 is “O”. 
Pulse width modulator is started and pulse is output from 
TAiour when the timer Ai start flag is set to “1”. 

The external trigger mode is selected when bit 4 is “1”. 
Pulse width modulator starts when a trigger signal is input 
from the TAij,y pin when the timer Ai start flag is “1”. 
Whether to trigger at the fall or rise of the trigger signal is 
determined by bit 3. The trigger is at the fall of the trigger 
signal when bit 3 is “O” and at the rise when it is “1”. 

When data is written to timer Ai with the pulse width mod- 
ulator halted, it is written to the reload register and the 
counter. | | 
Then when the time Ai start flag is set to “1” and a software 
trigger or an external trigger is issued to start modulation, 
the waveform shown in Figure 25 is output continuously. 
Once modulation is started, triggers are not accepted. If 
the value in the reload register is m, the duration “H” of 
pulse is 








1 
selected clock frequency ain 
and the output pulse period is 
1 
X(2'®—1). 


selected clock frequency 
An interrupt request signal is generated and the interrupt 
request bit in the timer Ai interrupt control register is set at 
each fall of the output pulse. 
The width of the output pulse is changed by updating timer 
data. The update can be performed at any time. The output 
pulse width is changed at the rise of the pulse after data is 
written to the timer. 
The contents of the reload register are transferred to the 
counter just before the rise of the next pulse so that. the 
pulse width is changed from the next output pulse. 
Undefined data is read when timer Ai is read. 
The 8-bit length pulse width modulator is described next. 
The 8-bit length pulse width modulator is selected when 
the timer Ai mode register bit 5 is “1”. 
The reload register and the counter are both divided into 8- 
bit halves. 
The low order 8 bits function as a prescaler and the high 





order 8 bits function as the 8-bit length pulse width modula- 
tor. The prescaler counts the clock selected by bits 6 and 
7. A pulse is generated when the counter reaches 0000;, 
as shown in Figure 26. At the same time, the contents of 
the reload register is transferred to the counter and count is 
continued. 


Addresses 
Timer AO mode register 5616 


Timer A1 mode register 5716 
Timer A2 mode register 5816 
Timer A3 mode register 5916 


Timer A4.mode register 5Ai6 


1 1 : Always “11” in pulse width modulation 
mode 





1 = Always “1” in pulse width modulation 
mode 





0 X : Software trigger 


1 0 : Trigger at the falling of TAi,y input 


1 1 : Trigger at the rising of TAi,y input 


—— 0 : 16 bit pulse width modulator 


1 : 8 bit pulse width modulator 





Clock source selection bit 
00 : Select f. 
01 : Select fie 
10 : Select fea 


1 1 : Select fs12 


Fig. 24 Timer Ai mode register bit configuration during 
pulse width modulation mode 
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Therefore, if the low order 8-bit of the reload register is n, the length is 8 bits. If the high order 8-bit of the reload reg- 
the period of the generated pulse is ister is m, the duration “H” of pulse is 


L 1 
selected clock frequency X(n-+1). ‘selected clock frequency X(n+1)X m. 


The high order 8-bit function as an 8-bit length pulse width And the output pulse period is 
modulator using this pulse as input. The operation is the 1 
same as for 16-bit length pulse width modulator except that selected clock frequency 





X(n +1) X (28-1). 


1/t)X (261) 


aaaaieneaiiectiiacaceceemaiamiai 


| | 
Selected clock c roa 
y ' 
source fj jj L 
| | 


| 

TAiny | — | 
(in case of the | |‘ This trigger is not accepted | 
rising edge) | 
| 


| | 
| 1/f|X(m) | 


a 


Example when the contents of the reload register is 0003,, 





Fig. 25 16-bit length pulse width modulator output pulse example 


1/f,X< (n+1) X (22-1) 





Selected clock 
source fj 


Prescaler output 


(when n =2) 


8-bit length pulse 
width modulator 
' Output 


(when m =2) 





Fig. 26 8-bit length pulse width modulator output pulse example 
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TIMER B 

Figure 27 shows a block diagram of timer B. 

Timer B has three modes; timer mode, event counter mode, 
and pulse period measurement/pulse width measurement 
mode. The mode is selected with bits 0 and 1 of the timer 
Bi mode register (i =0 to 2). Each of these modes is de- 
scribed below. 
(1) Timer mode (00) 

Figure 28 shows the bit configuration of the timer Bi mode 
register during timer mode. Bits 0, and 1 of the timer Bi 
mode register must always be “0” in timer mode. 

Bits 6 and 7 are used to select the clock source. The 
counting of the selected clock starts when the count start 
flag is “1” and stops when “0”. 


Clock source selection 
* Timer 


f2 ——oO 
fis —O NN width measurement 
fea ——O 
fs12 ——O 

Polarity selection Event counter 


and edge pulse O 
generator 


TBin S 


(i=0~2) 


* Pulse period measurement/pulse 


Count start flag 
(40,6) 


As shown in Figure 13, the timer Bi count start flag is at the | 
same address as the timer Ai count start flag. The count is 
decremented, an interrupt occurs, and the interrupt request 
bit in the timer Bi interrupt control register is set when the 
contents becomes 0000,,. At the same time, the contents of 
the reload register is stored in the counter and count is 
continued. 

Timer Bi does not have a pulse output function or a gate 
function like timer A. 

When data is written to timer Bi halted, it is written to the 
reload register and the counter. When data is written to 
timer Bi which is busy, the data is written to the reload reg- 
ister, but not to the counter. The counter is reloaded with 
new data from the reload register at the next reload time. 
The contents of the counter can be read at any time. 


Addresses. 


Counter(16) Timer BO 5116 5016 


Timer B1 5316 5216 


Timer B2 5516 5416 


Counter reset 


Fig. 27 Timer B block diagram 
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(2) Event counter mode (01) 
Figure 29 shows the bit configuration of the timer Bi mode 
register during event counter mode. In event counter mode, 
the bit 0 in the timer Bi mode register must be “1” and bit 1 
must be “OQ”. 
The input signal from the TBi, pin is counted when the 
count start flag is “1” and counting is stopped when it is “0”. 
Count is performed at the fall of the input signal when bits 
2, and 3 are “0” and at the rise of the input signal when bit 
3 is “O” and bit 2 is “1”. 
When bit 3 is “1” and bit 2 is “O”, count is performed at the 
rise and fall of the input signal. 
Data write, data read and timer interrupt are performed in 
the same way as for timer mode. 
(3) Pulse period measurement/pulse width 
measurement mode [10] 
Figure 30 shows the bit configuration of the timer Bi mode 
register during pulse period measurement/pulse width 
measurement mode. 
In pulse period measurement/pulse width measurement 
mode, bit 0 must be “O” and bit 1 must be “1”. Bits 6 and 7 
are used to select the clock source. The selected clock is 
counted when the count start flag is “1” and counting stops 
when it is “O”. 
The pulse period measurement mode is selected when bit 
3 is “0”. In pulse period measurement mode, the selected 
clock is counted during the interval starting at the fall of the 
input signal from the TBijy pin to the next fall or at the rise 
of the input signal to the next rise and the result is stored in 
the reload register. In this case, the reload register acts as 
a buffer register. 
When bit 2 is “0”, the clock is counted from the fail of the 
input signal to the next fall. When bit 2 is “1”, the clock is 
counted from the rise of the input signal to the next rise. 
In the case of counting from the fall of the input signal to 
the next fall, counting is performed as follows. As shown in 
Figure 31, when the fall of the input signal from TBijy pin is 
detected, the contents of the counter is transferred to the 
reload register. Next the counter is cleared and count is 
started from the next clock. When the fall of the next input 
signal is detected, the contents of the counter is transferred 
to the reload register once more, the counter is cleared, 
and the count is started. The period from the fall of the in- 
put signal to the next fall is measured in this way. 











Addresses 
Timer BO mode register 5By. 


Timer B1 mode register 5Ci¢ 
Timer B2 mode register 5Di¢ 


0 0 : Always “00” in timer mode 


XX : Not used in timer mode and 
may be any 


X : Not used in timer mode 





Clock source selection bit 
00 : Select fp 


01 : Select fi, 
10 ° Select fe, 
11 ° Select fs. 


Fig. 28 Timer Bi mode register bit configuration during 
timer mode 


Addresses 
Timer BO mode register 5By, 


Timer B1 mode register 5C,, 


Timer B2 mode register 5D,., 


0 1 : Always “01” in event counter 
mode 
0 0 : Count at the falling edge of 
input signal 
- Count at the rising edge of 
input signal 
- Count at the both falling edge 
and rising edge of input signal 
: Not used in event counter mode 


Fig. 29 Timer Bi mode register bit configuration during 


event counter mode 


Addresses 
Timer BO mode register 5By,.¢ 


Timer B1 mode register 5Ci¢ 


Timer B2 mode register 5D, 


1 0 : Always “10” in pulse period 
measurement/pulse width 
measurement mode 

0 0 : Count from the falling edge of 
input signal to the next falling one 

- Count from the rising edge of 


input signal to the next rising one 
- Count from the falling edge of 
input signal to the next rising one 
and from the rising edge to the 
next falling one 
Timer Bi overflow flag 


Clock source selection bit 
0 0 : Select fo 


01 : Select fis 
10 : Select fe, 
1 1 : Select fs12 


Fig. 30 Timer Bi mode register bit configuration during 


pulse period measurement/pulse — width 
measurement mode 
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After the contents of the counter is transferred to the reload 
register, an interrupt request signal is generated and the 
interrupt request bit in the timer Bi interrupt control register 
is set. However, no interrupt request signal is generated 
when the contents of the counter is transferred first time to 
the reload register after the count start flag is set to “1”. 

_ When bit 3 is “1”, the pulse width measurement mode is 
selected. Pulse width measurement mode is similar to 
pulse period measurement mode except that the clock is 
counted from the fall of the TBi,y pin input signal to the next 
rise or from the rise of the input signal to the next fall as 


shown in Figure 32. 

When timer Bi is read, the contents of the reload register is 
read. 

Note that in this mode, the interval between the fall of the 
TBijy pin input signal to the next rise or from the rise to the 
next fall must be at least two cycles of the timer count 
source. | 

Timer Bi overflow flag which is bit 5 of timer Bi mode regis- 
ter is set to “1” when the timer Bi counter reaches 000046. 
This flag is cleared by writing to corresponding timer Bi 
mode register. This bit is set to “1” at reset. | 


sererted ork TUTTLE LULL 
source fj I = 

! 

a | 

14 | 

1 | | 

ee | | 

| | 1 | 

| | | | 

1 | 1 | 


Reload register — counter ei 


Counter+-0 | | ae | | 
Count start flag | : 





Interrupt PeqQUest SIG ” | | 





Fig. 31 
next falling one) 


Selected clock 
source fj 


Reload register — Counter 


Counter+-0O 


Count start flag 


Interrupt request signal 


Fig. 32 Pulse width measurement mode operation 


Pulse period measurement mode operation (example of measuring the interval between the falling edge to 
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Pulse output port mode 

Figure 33 shows a block diagram for pulse output port 
mode. In the pulse output port mode, two pairs of four-bit 
pulse output ports are used. Whether using pulse output 
port or not can be selected by waveform output selection 
bit (bit 0, bit 1) of waveform output mode register (624.6 
address) shown in Figure 34. When bit 0 of waveform out- 
put selection bit is set to “1”, ports P57, P5g, P5, and P5, 
are used as pulse output ports (RTP1 selected), and when 
bit 1 of waveform output selection bit is set to “1”, ports 
P53, P52, P5;, and P59 are used as pulse output ports 
(RTPO selected). When bits 1 and 0 of waveform output 
selection bit are set to “1”, ports P57, P5g, P5;, and P5,, and 
ports P53, P52, P5; and P59 are used as pulse output ports 
(RTP1 and RTPO selected). 

The ports not used as pulse output ports can be used as 
normal parallel ports or timer input/output. 

In the pulse output port mode, set timers A2 and AO to tim- 
er mode as timers A2 and AO are used. Figure 35 shows 
the bit configuration of timer AO, A2 mode registers in pulse 
output port mode. 

Data can be set in each bit of the pulse output data regis- 


Pulse width modulation selection bit 
(Bit 4, 5 of 62,, address) 


Pulse width modulation output 
by timer A3 


Pulse width modulation output 
by timer A1 


Pulse output data 
register 1 (64,, address) 


Data bus (even) 
Data bus (odd) 


Pulse output data 
register 0 (65,, address) 


Fig. 33 Block diagram for pulse output port mode 





ter corresponding to four ports selected as pulse output 
ports. Figure 36 shows the bit configuration of the pulse 
output data register. The contents of the pulse output data 
register 1 (low-order four bits of 64,, address) correspond- 
ing to ports P57, P5g, P55 and P5, is output to the ports 
each time the counter of timer A2 becomes 0000,,¢. The 
contents of the pulse output data register 0 (low-order four 
bits of 65,, address) corresponding to ports P53, P52, P5,, 
and P5, is output to the ports each time the counter of tim- 
er AO becomes 0000}¢. 

When “0” is written to a specified bit of the pulse output 
data register, “L” level is output to the corresponding pulse 
output port when the counter of corresponding timer be- 
comes 0000,., and when “1” is written, “H” level is output to 
the pulse output port. 

Pulse width modulation can be applied to each pulse out- 
put port. Since pulse width modulation involves the use of 
timers A3 and A1, activate these timers in pulse width mod- 
ulation mode. When a certain bit of the pulse output regis- 
ter is “1”, pulse width modulation is output from the pulse 
output port when the counter of the corresponding timer 
becomes 0000;.. 


©) ps5, (RTP1,) 
C) P5g (RTP1,) 
C) P5, (RTP1,) 
() P54 (RTP1o) 


b>—_>—_— ) P53 (RTPOs) 
——p—_>———- P5. (RTPo,) 
D>—_—_© P55, (rTP 0, ) 
aes Pca aaaeareaceee ) P5o (RTPOo) 


Polarity selection bit 
(Bit 3 of 62,, address) 
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Ports P57, P5g, P5; and P5, are applied pulse width mod- 
ulation by timer A3 by setting the pulse width modulation 
selection bit by timer A3 (bit 5) of the waveform output 
mode register to “1”. 

Ports P53, P52, P5, and P59 are applied pulse width mod- 
ulation by timer Ai by setting the pulse width modulation 
selection bit by timer A1 (bit 4) of the waveform output 
mode register to “1”. 

The contents of the pulse output data register 0 can be re- 
versed and output to pulse output ports P53, P5., P5, and 
P5o by the polarity selection bit (bit 3) of the waveform out- 
put mode register. When the polarity selection bit is “0”, 
the contents of the pulse output data register 0 is output 
unchangeably, and when “1”, the contents of the pulse out- 
put data register 0 is reversed and output. When pulse 
width modulation is applied, likewise the polarity reverse to 
pulse width modulation can be selected by the polarity 
selection bit. 

Figure 37 shows example of waveforms in pulse output port 
mode. 


Address 


Weveform output mode reyister 6246 


Waveform output selection bit 
0 0 : Parallel port 

0 1 : RTP1 selected 

1 0 : RTPO selected 

1 1 : RTP1 and RTPO selected 





Polarity selection bit 

Q : Positive polarity 

1 : Negative polarity 

Pulse width modulation selection bit 
by timer Al 

0 : Not modulated 

1 | Modulated 

Pulse width modulation selection bit 
by timer A3 

0 : Not modulated 

1 : Modulated 


Fig. 34 Waveform output mode register bit configura- 
tion 








Address 


(ne AO mode register | 


Timer A2 mode register 5816 


Always “100” in pulse output 
port mode 


Not used in pulse output port mode 
Always “00” in pulse output port mode 


Clock source selection bit 


00 : Select fo 

01 : Select fig 
10 : Select fea 
1 1 : Select fs12 


Fig. 35 Timer AO, A2 mode register bit configuration in 
pulse output port mode 


Address 


Pulse output data register 1 6416 


Pulse output data bit of port P5, 
Pulse output data bit of port P5; 
Pulse output data bit of port P5, 


Pulse output data bit of port P57 


Address 
Pulse output data register 0 6516 


Pulse output data bit of port P5o 


Pulse output data bit of port P5, 
Pulse output data bit of port P5. 


Pulse output data bit of port P5, 


Fig. 36 Pulse output data register bit configuration 
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Example of pulse output port (ports P5;~P5,) 
Output signal at each time 


when timer A2 becomes 0000;, fl nl nl il f] fl Nl fl 


Port P5, | | 

Port P5¢ | | 

Port P55 | | 

Port PS, | | 


Example of pulse output port (ports P5;~P5,) when pulse width modulation is applied by timer A3. 


Output signal at each time 


when timer A2 becomes 0000;, fl fl f] fl f] fl | f| 


Port P5, | ULL LL 

Port P5¢ LLL LLM 

Port P5s — JUL 
Port P5, | | | | | | | | | 


Example of pulse output port (ports P5;~P5 9) when pulse width modulation is applied 
by timer A1 with polarity selection bit=“1”. 


Output signal at each time 


when timer AO becomes 0000;, ll fl fl fl fl fl fl f] 


Port P5; LULU 

Port P5. UU UL 

Port PS, U UU UUW 

Port P55 UU UU UUW 


Fig. 37 Example of waveforms in pulse output port mode 





MITSUBISHI 7 2—545 
ate MTSU 


MITSUBISHI MICROCOMPUTERS 


M37732S4AFP 
M37732S4BFP 


16-BIT CMOS MICROCOMPUTER 





SERIAL I/O PORTS 

Two independent serial I/O ports are provided. Figure 38 
shows a block diagram of the serial I/O ports. 

Bits 0, 1, and 2 of the UARTi (i =0, 1) Transmit/Receive 
mode register shown in Figure 39 are used to determine 
whether to use port P8 as parallel port, clock synchronous 
serial I/O port, or asynchronous (UART) serial I/O port us- 





O— 


1/16 Dividerf-- 
Bit rate 
generator 


UARTO(31,,) 
UART1(39,,) 


Internal 


1/(n+1) 
Divider 


Clock source selection 
1/16 Divider 
fp —o 


fig —O 


fea -o 


1/2 Divider 


Clock synchronous 
(Internal clock) 
mS 


fs12 -—o 


External 


CLKi C)- z. 
CTSi/RTSi 


C}— 


Fig. 38 Serial 1/O port block diagram 


UART receive 
oO 


Clock synchronous © | 





ing start and stop bits. | 

Figures 40 and 41 show the connections of receiver/transmitter 
according to the mode. 

Figure 42 shows the bit configuration of the UARTIi transmit/ 
receive control register. | 
Each communication method is described below. 


Data bus(odd) 


Data bus(even) 


MOTOTOT 01 0101 0 Dalbs|0.10,10.1D]D2]0 [Da Receive buffer register 


UART0( 3746, 3646) 
UART1(3F 16, 3E;6) 


Receive register 


Receive | Receive clock 


control 
circuit 


4 


UART transmission 


Transmissiont, Pransmission clock 
; 
Transmission register 


Clock synchronous 


Clock synchronous 
(Internal clock) 
© 


Clock synchronous 


(External clock ) ene 
Transmission 


Def r]D6|Ds[D« D3]D2]04]Dq buffer register 
| UARTO(33;6, 3246) 


: UART1 (3Bi¢, 3Ai6) 
Data bus 


(odd) 





Data bus(even). 





Addresses 


765 432 4 


UART 1 Transmit/Receive mode register 
erial communication method selection bit 


0 
0 1 : Clock synchronous 
0 7-bit UART 
01 : 8-bit UART 
110 : 9-bit UART 
Internal clock/External clock selection bit 
0 : Internal clock 
| : External clock 
Stop bit fength selection bit 
0 : 1 stop bit 
1 2 2 stop bits 
Even/Odd parity selection bit 
0 : Odd parity 
~ 1: Even parity 
Parity enable selection bit 
0 : No parity 
1 : With parity 
Sleep selection bit 
0 : No sleep 
1 : Sleep 


Q ee 0 Transmit/Receive mode register 
S) 
0 0 0 : Parallel port 
0 
| : 

| 





3016 
36 


Fig. 39 UARTi Transmit/Receive mode register bit configuration 
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. Data bus(even) 


A 


2 stop bit Parity 
i Receive 
i i i register 
. er | ren 
__ Synchronous 








Data bus( odd 


Data bus(even) 


foe Jo, Te. [os Te Jo, Te To Te re esis 


2 stop bit 
TxD, 


: 7 bit 
Stop Stop Oy, ew fe i . ae - 
bit bit fo ONo O 

parity . 7 


Transmission register 
1 stop bit Synchronous 


ss Oia 





Fig. 41 Transmitter block diagram 


Addresses 
fe 0 Transmit/Receive control register0 3416 


UART 1 Transmit/Receive control register0 = 3Ci¢ 


Clock source selection bit 
0 0 : Select f, 


01 : Select fi, 
10 : Select fe, 
1 1 : Select fs1. 


CTS, RTS Selection bit 
0 : Select CTS 
1 ! Select RTS 


Transmission register empty bit 


Addresses 
[ UART 0 Transmit/Receive control register 1 3516 | 


| UART 1 Transmit/Receive control register 1  3Di6 
Transmit enable flag 
Transmit buffer empty flag. 
Receive enable flag 


Receive completion flag 


Overrun error flag 
Framing error flag 





—______—_——- Parity error flag 
ks et Error-sum flag 





Fig. 42 UARTi Transmit/Receive control register bit configuration 
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CLOCK SYNCHRONOUS SERIAL 
COMMUNICATION 

A case where communication is performed between two 
clock synchronous serial I/O ports as shown in Figure 43 
will be described. (The transmission side will be denoted 
by subscript j and the receiving side will be denoted by 
subscript k.) _ 

Bit O of the UARTj transmit/receive mode register and 
UARTk transmit/receive mode register must be set to “1” 
and bits 1 and 2 must be “0”. The length of the transmission 
data is fixed at 8 bits. | 
Bit 3 of the UART] transmit/receive mode register of the 
clock sending side is cleared to “0” to select the internal 
clock. Bit 3 of the UARTk transmit/receive mode register of 
the clock receiving side is set to “1” to select the external 
clock. Bits 4, 5 and 6 are ignored in clock synchronous 
mode. Bit 7 must always be “0”. 

The clock source is selected by bit 0 (CSo) and bit 1 
(CS,) of the clock sending side UARTj transmit/receive 
control register 0. As shown in Figure 38, the selected 
clock is divided by (n +1), then by 2, passed through a 
transmisson control circuit, and output as transmisson clock 
CLKj. Therefore, when the selected clock is fi, 


Bit Rate=fi/ { (n-+1)X2} 


On the clock receiving side, the CS) and CS, bits of the 
UARTK transmit/receive control register 0 are ignored be- 
cause an external clock is selected. 

The bit 2 of the clock sending side UARTj transmit/receive 
control register 0 is clear to “0” to select CTSj input. The 
bit 2 of the clock receiving side is set to “1” to select RTSk 
output. CTS, and RTS signals are described later. 





Transmission 

Transmission is started when the bit 0 (TEj flag) of UART| 
transmit/receive control register 1 is “1”, bit 1 (Tlj flag) of 
one is “0”, and CTSj input is “L”. As shown in Figure 44, 
data is output from TxDj pin when transmission clock CLKj 
changes from “H” to “L”. The data is output from the least 
significant bit. 

The Tlj flag indicates whether the transmission buffer regis- 
ter is empty or not. It is cleared to “O” when data is written 
in the transmission buffer register and set to “1” when the 
contents of the transmission buffer register is transferred to 
the transmission register. 

When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally from the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. If the bit 2 of UARTj transmit/receive control register 0 
is “1”, CTSj input is ignored and transmission start is con- 
trolled only by the TEj flag and Tlj flag. Once transmission 
has started, the TEj flag, Tlj flag, and CTSj signals are 
ignored until data transmission completes. Therefore, trans- 
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mission is not interrupt when CTSj input is changed to “H” 


during transmission. 


The transmission start condition indicated by TEj flag, Tlj 


- flag, and CTSj is checked while the Tenpj Signal shown in 


Figure 44 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission buffer register and Tlj flag is cleared to “O” before 
the Tenpj Signal goes “H”. 

The bit 3 (TxEPTYj flag) of UARTj transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpj 
signal goes “H” and changes to “OQ” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmission has completed. 

When the Tlj flag changes from “O” to “1”, the interrupt re- 
quest bit in the UARTj transmission interrupt control regis- 
ter is set to “1”. 


Receive 

Receive starts when the bit 2 (REx flag) of UARTk trans- 
mit/receive control register 1 is set to “1”. 

The RTSk output is “H” when the REk flag is “0” and goes 
“L” when the REx flag changed to “1”. It goes back to “H” 
when receive starts. Therefore, the RTS output can be 
used to determine whether the receive register is ready to 
receive. It is ready when RTSk output is “L”. 

The data from the RxD pin is retrieved and the contents of 
the receive register is shifted by 1 bit each time the trans- 
mission clock CLKj changes from “L” to“H”. When an 8-bit 
data is received, the contents of the receive register is 
transferred to the receive buffer register and the bit 3 (Rix 
flag) of UART, transmit/receive control register 1 is set to 
“1”. In other words, the setting of the Rl, flag indicates that 
the receive buffer register contains the received data. At 
this point, RTSj output goes “L” to indicate that the next 
data can be received. When the RIk flag changes from “OQ” 
to “1”, the interrupt request bit in the UARTk receive inter- 
rupt control register is set to “1”. Bit 4 (OER x flag) of 
UARTk transmit/receive control register is set to “1” when 
the next data is transferred from the receive register to the 
receive buffer register while Rlk flag is “1”, and indicates 
that the next data was transferred to the receive register 
before the contents of the receive buffer register was read. 
Rlk and OER flags are cleared automatically to “O” when 
the low-order byte of the receive buffer register is read. 











The OER k flag is also cleared when the REx flag is 


cleared. Bit 5 (FERk flag), bit 6 (PERK flag), and bit 7 
(SUMk flag) are ignored in clock synchronous mode. 

As shown in Figure 38, with clock synchronous serial com- 
munication, data cannot be received unless the transmitter 
is operating because the receive clock is created from the 
transmission clock. Therefore, the transmitter must be oper- 
ating even when there is no data to be sent from UARTk to 
UART}. 
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UART} transmission register UART transmission register 


UART;| SB ner euiiek UART, transmission buffer register 


UART) receive buffer register UART, receive buffer register 
UART; receive register UART, receive register 


UART) Transmit/Receive mode register UARTK Transmit/Receive mode register 


pes Pet oa |x} x}xt i fojo tr 





UARTj Transmit/Receive control UART, Transmit/Receive control 
register 0 register 0 


POD Dern] 9 Jes:fesy DODD er] | DT x] 


UART;| Transmit/Receive control 


UART, Transmit/Receive control 
register | 


register | 


puwjren|renlotn) [re | | 16 unfree] eenjoeny a] or | v |v 





Fig. 43 Clock synchronous serial communication 













Transmission =a iN) Ke 


clock 


TE 









Ty 


Write in transmission buffer register Transmission registers-Transmission buffer register 
CTS; 


ae nse) x2 Stopped because TEj= “0” 


CLK; : 


Tenoj | | — fe ES 
ae PoKD;KDAXDIXOJKO|KOKOr__ KOQXDXDAXDIXONOSKOKO? YK OKOSXD2XDsXDsXOsDs\Dr 
TXEPTY; ef et et 


Fig. 44 Clock synchronous serial I/O timing 
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ASYNCHRONOUS 

SERIAL COMMUNICATION 

Asynchronous serial communication can be performed us- 
ing 7-, 8-, or 9-bit length data. The operation is the same 
for all data lengths. The following is the description for 8-bit 
asynchronous communication. 

With 8-bit asynchronous communication, the bit 0 of UARTi 
transmit/receive mode register is “1”, the bit 1 is “O”, and 
the bit 2 is “1”. 

Bit 3 is used to select an internal clock or an external 
clock. If bit 3 is “0”, an internal clock is selected and if bit 3 
is “1”, then external clock is selected. If an internal clock is 
selected, the bit 0 (CS) and bit 1 (CS,) of UARTIi transmit/ 
receive control register 0 are used to select the clock 
source. When an internal clock is selected for asynchro- 
nous serial communication, the CLKj pin can be used as a 


normal I/O pin. 











—>| ke (1/f, or 1/fexr) X (n+1) X16 


Transmission 
clock 


TE; 





Write in transmission buffer regisger 
CTS; 







Start bit 











Thi Dd ® 


Transmission register -Transmission 


Tenpi | | | 


Parity bit Stop bit 


noi ST ABaXDKDaKD3XD|KD3XDEXDIKP Ygp\STADIKDKDIKDOSKOSKOKOKPY Sp 
TXEPTY; | | | | | | 


Fig. 45 Transmit timing example when 8-bit asynchronous communication with parity and 1 stop bit is selected 


The selected internal or external clock is divided by (n+ 1), 
then by 16, and passed through a control circuit to create 


. the UART transmission clock or UART receive clock. 


Therefore, the transmission speed can be changed by 
changing the contents n of the bit rate generator. If the 
selected clock is an internal clock fi or an external clock 


fext; 
Bit Rate = (fj or fext)/ | (n+1 )X16} 


Bit 4 is the stop bit length selection bit to select 1 stop bit 
or 2 stop bits. 

The bit 5 is a selection bit of odd parity or even parity. 

In the odd parity mode, the parity bit is adjusted so that the 
sum of the 1’s in the data and parity bit is always odd. 

In the even parity mode, the parity bit is adjusted so that 
the sum of the 1’s in the data and parity bit is always even. 


buffer register 






Stopped because TEj= “0” 


ST (Do XD; ) 


—~t—the- (1/f, or 1/feyr) x(n +1) X16 


Transmission 
clock 


TE; 


Tij 


Write in transmission buffer register 
Tenpi 


Start bit . 


Stop Bit Stop Bit 


Transmission register+-Transmission 


buffer register 
Stopped because 


ne STADE XD2XDYXDAXOSXDDIXD’Y sp SP\STADoXD:NE2KD|KDXOSXDEXD;XDEYSP SP 
TXEPTY;| | | | r 


Fig. 46 Transmit timing example when 9-bit asynchronous communication with no parity and 2 stop bits is selected 
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Bit 6 is the parity bit selection bit which indicates whether 
to add parity bit or not. 

Bits 4 to 6 should be set or reset according to the data for- 
mat of the communicating devices. 

Bit 7 is the sleep selection bit. The sleep mode is de- 
scribed later. 

The UARTj transmit/receive control regisger 0 bit 2 is used 
to determine whether to use CTSj input or RTS; output. 
CTSj input is used if bit 2 is “0” and RTS} output is used if 
bit 2 is “1”. 

lf CTS; input is selected, the user can control whether to 
stop or start transmission by external CTS; input. RTS; will 
be described later. 


Transmission 

Transmission is started when the bit 0 (TEi flag) of UARTj 
transmit/receive control register 1 is “1”, the bit 1 (Tlj flag) 
is “0”, and CTSj input is “L” if CTS; input is selected. As 
shown in Figure 45 and 46, data is output from the TxDj pin 
with the stop bit and parity bit specified by the bits 4 to 6 of 
UARTj transmit/receive mode register. The data is output 
from the least significant bit. 

The Tlj flag indicates whether the transmission buffer is 
empty or not. It is cleared to “0” when data is written in the 
transmission buffer and set to “1” when the contents of the 
transmission buffer register is transferred to the transmis- 
sion register. 


fj OF fexr 
RE; 
RxDj 


Receive 
Clock 


Starting at the falling 
edge of start bit 


Rij 


When the transmission register becomes empty after the 
contents has been transmitted, data is transferred automati- 
cally form the transmission buffer register to the transmis- 
sion register if the next transmission start condition is satis- 
fied. 

Once transmission has started, the TEj flag, Tlj flag, and 
CTS; signal (if CTS; input is selected) are ignored until 
data transmission is completed. 

Therefore, transmission does not stop until it completes 
even if the TEj flag is cleared during transmission. 

The transmission start condition indicated by TEj flag, Tlj 
flag, and CTS; is checked while the Tenpi signal shown in 
Figure 45 is “H”. Therefore, data can be transmitted con- 
tinuously if the next transmission data is written in the trans- 
mission butter register and Tlj flag is cleared to 0 before 
the Tenpi Signal goes “H”. 

The bit 3 (TxEPTY; flag) of UART| transmit/receive control 
register 0 changes to “1” at the next cycle after the Tenpi 
signal goes “H” and changes to “0” when transmission 
starts. Therefore, this flag can be used to determine 
whether data transmision is completed. 

When the Tj flag changes from “0” to “1”, the interrupt re- 
quest bit in the UARTj transmissoin interrupt control regis- 
ter is set to “1”. 


Receive 

Receive is enabled when the bit 2 (REj flag) of UARTj 
transmit/receive control register 1 is set. As shown in Fi- 
gure 47, the frequency divider circuit at the receiving end 
begin to work when a start bit is arrived and the data is re- 
ceived. 





Fig. 47 Receive timing example when 8-bit asynchronous communication with no parity and 1 stop bit is selected 
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lf RTS; output is selected by setting the bit 2 of UART; 
transmit/receive control register 0 to “1”, the RTSi output is 
“H” when the REj flag is “0”. When the REj flag changes to 
“1” the RTSi output goes “L” to indicate receive ready and 
returns to “H” once receive has started. In other words, 
RTSj output can be used to determine externally whether 
the receive register is ready to receive. 

The entire tranSmission data bits are received when the 
start bit passes the final bit of the receive block shown in 
Figure 40. At this point, the contents of the receive register 
is transferred to.the receive buffer register and the bit 3 of 
UARTj transmit/receive control register 1 is set. In other 
words, the Rlj flag indicates that the receive buffer register 
contains data when it is set. If RTSj output is selected, RTS; 
output goes “L” to indicate that the register is ready to re- 
ceive the next data. 

The interrupt request bit in the UART;] receive interrupt 
control register is set when the Rlj flag changes from “OQ” to 
a 

The bit 4 (OERj flag) of UARTj transmission control register 
1 is set when the next data is transferred from the receive 
register to the receive buffer register while the Rlj flag is 
“1", In other words when an overrun error occurs. If the 
OER; flag is “1”, it indicates that the next data has been 
transferred to the receive buffer register before the con- 
tents of the receive buffer register has been read. 

Bit 5 (FER; flag) is set when the number of stop bits is less 
than required (framing error). | | 
Bit 6 (PER; flag) is set when a parity error occurs. 

Bit 7 (SUM; flag) is set when either the OER; flag, FER; 
flag, or the PER; flag is set. Therefore, the SUM; flag can 
be used to determine whether there is an error. 

The setting of the Rlj flag, OERj flag, FERj flag, and the 
PERi flag is performed while transferring the contents of 
the receive register to the receive buffer register. The Rij 
OERj, FER], PERj, and SUM; flags are cleared when the 
low order byte of the receive buffer register is read or 
when the REj flag is cleared. 








Sleep mode 

The sleep mode is used to communicate only between cer- 
tain microcomputers when multiple microcomputers are 
connected through serial I/O. 

The sleep mode is entered when the bit 7 of UARTj trans- 
mit/receive mode register is set. 

The operation of the sleep mode for an 8-bit asynchronous 
communication is described below. 

When sleep mode is selected, the contents of the receive 
register is not transferred to the receive buffer register if 
bit 7 (bit 6 if 7-bit asynchronous communication and bit 8 if 
9-bit asychronous communication) of the received data is 
“0”. Also the Rlj, OERj, FER;,.PERj, and the SUMj flag are 
unchanged. Therefore, the interrupt request bit of the 
UART]j receive interrupt control register is also unchanged. 


Normal receive operation takes place when bit 7 of the re- 
ceived data is “1”. = 

The following is an example of how the sleep mode can be 
used. 

The main microcomputer first sends data with bit 7 set to 
“1” and bits 0 to 6 set to the address of the subordinate 
microcomputer which wants to communicate with. Then all 
subordinate microcomputers receive the same data. Each 
subordinate microcomputer checks the received data, 
clears the sleep bit if bits 0 to 6 are its own address and 
sets the sleep bit if not. Next the main microcomputer 
sends data with bit 7 cleared. Then the microcomputer with 
the sleep bit cleared will receive the data, but the micro- 
computer with the sleep bit set will not. In this way, the 
main microcomputer is able to communicate with only the 
designated microcomputer. 
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A-D CONVERTER 

The A-D converter is an 8-bit successive approximation 
converter. 

Figure 48 shows a block diagram of the A-D converter and 
Figure 49 shows the bit configuration of the A-D control 
register. The frequency of the A-D converter operating 
clock ¢ap is selected by the bit 7 of the A-D control regis- 
ter. When bit 7 is “0”, dap is the clock frequency divided by 
8. That is, ¢qp=f(Xin)/8. When bit 7 is “1”, dap is the clock 
frequency divided by 4 and ¢ap isS=f(Xin)/4. The ¢ap dur- 
ing A-D conversion must be 250kHz minimum because the 
comparator consists of a capacity coupling amplifier. 

The operating mode is selected by the bits 3 and 4 of A-D 
control register. The available operating modes are one- 
shot, repeat, single sweep, and repeat sweep. 


Address 
A-D control register 1 1E,.¢ 


Analog input selection bit 

000 : Select ANg 

- Select AN, 

: Select AN, 

: Select AN; 

> Select AN, 

: Select AN; 

- Select AN, 

: Select AN, 

A-D operation mode selection bit 
00 : One-shot mode 
0 1 : Repeat mode 
10 : Single sweep mode 
1 1 : Repeat sweep mode 

Trigger selection bit 


0 
0 
0 
1 
1 
I 
1 


The bit of data direction register bit corresponding to the De Solware tigger 


A-D converter pin must be “0” (input mode) because the A-D conversion start flag 
analog input port is shared with port P7. 0 : Stop A-D conversion 


The operation of each mode is described below. 1 2 Start A-D conversion 
Frequency selection flag 


0 : Select f(Xjy)/8 
1 : Select f(Xin)/ 4 


1! ADzag input trigger 





Fig. 49 A-D control register bit configuration 


A-D conversion speed selection 


Fn) O : Ewe 


Ladder network 


A-D register 0 (20,5) 

A-D register 1 (22,.) 8 

A-D register 2 (24,6) 

A-D Register 3 (2646) Decoder 
A-D register 4 (28:6) ee | 

A-D register 5 (2Ai,) ‘ae 

A-D register 6 (2C 4) Fel Comparator 





A-D register 7 (2E;,) ) 


Data bus (even) 
ANo (©) 
AN, O-——— 
AN2 © 
AN3 © 
ANAO 
ANs © 
ANe © 
AN; O 
ADtrcg Selector 





Fig. 48 A-D converter block diagram 
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(1) One-shot mode (00) 

The A-D conversion pins are selected with the bit 0 to 2 of 
A-D control register. A-D conversion can be started by a 
software trigger or by an external trigger. 

A software trigger is selected when the bit 5 of A-D control 
register is “O” and an external trigger is selected when it is 
When a software trigger is selected, A-D conversion is 
started when bit 6 (A-D conversion start flag) is set. A-D 
conversion ends after 57 ¢?ap cycles and an interrupt re- 
quest bit is set in the A-D conversion interrupt control reg- 
ister. At the same time, A-D control register bit 6 (A-D con- 
version start flag) is cleared and A-D conversion stops. The 
result of A-D conversion is stored in the A-D register cor- 
responding to the selected pin. 

If an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADyrg in- 
put changes from “H” to “L”. In this case, the pins that can 
be used for A-D conversion are ANo to ANg because the 
AD+rarc pin is shared with the analog voltage input pin ANv. 
The operation is the same as with software trigger except 
that the A-D conversion start flag is not cleared after A-D 
conversion and a retrigger can be available during A-D 
conversion. 


(2) Repeat mode (01) 








The operation of this mode is the same as the operation of. 


one-shot mode except that when A-D conversion of the 
selected pin is complete and the result is stored in the A-D 
register, conversion does not stop, but is repeated. Also, no 
interrupt request is issued in this mode. Furthermore, if 
software trigger is selected, the A-D conversion start flag is 
not cleared. The contents of the A-D register can be read 
at any time. 


(3) Single sweep mode (10) 


In the sweep mode, the number of analog input pins to be 


swept can. be selected. Analog input pins are selected by 
bits 1 and 0 of the A-D sweep pin selection register (1Fi¢ 
address) shown in Figure 50. Two pins, four pins, six pins, 
or eight pins can be selected as analog input pins, de- 
pending on the contents of these bits. 

A-D conversion is performed only for selected input pins. 
After A-D conversion is performed for input of ANo pin, the 
conversion result is stored in A-D register 0, and in the 
same way, A-D conversion is performed for selected pins 
one after another. After A-D conversion is performed for all 
selected pins, the sweep is stopped. 

A-D conversion can be started with a software trigger or 
with an external trigger input. A software trigger is selected 
when bit 5 is “O” and an external trigger is selected when it 
is “1”. 

When a software trigger is selected, A-D conversion is 
started when A-D control register bit 6 (A-D conversion 
start flag) is set. When A-D conversion of all selected pins 
end, an interrupt request bit is set in the A-D conversion in- 





terrupt control register. At the same time, A-D control regis- 
ter bit 6 (A-D conversion start flag) is cleared and A-D 
conversion stops. 

When an external trigger is selected, A-D conversion starts 
when the A-D conversion start flag is “1” and the ADypg in- 
put changes from “H” to “L”. In this case, the A-D conver- 
sion result of the trigger input itself is stored in the A-D 
register 7 because the ADrpg pin is shared with AN; pin. 
The operation is the same as done by software trigger ex- 
cept that the A-D conversion start flag is not cleared after 
A-D conversion and a retrigger can be available during A-D | 
conversion. 

(4) Repeat sweep mode (11) 

The difference with the single sweep mode is that A-D 
conversion does not stop after converting from the ANg pin 
to the selected pins, but repeats again from the ANg pin. 
The repeat is performed among the selected pins. Also, no 
interrupt request is generated. Furthermore, if software trig- 
ger is selected, the A-D conversion start flag is not cleared. 
The A-D register can be read at any time. 








A-D sweep pin Address 
selection register 1Fi. 


0 : ANo, AN, (2 pins) 

1: ANo~ANs (4 pins) 
0 : ANo~ANs (6 pins) - 
1 : ANo~AN; (8 pins) 


Fig. 50 A-D sweep pin selection register configuration 
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WATCHDOG TIMER 

The watchdog timer is used to detect unexpected execu- 
tion sequence caused by software run-away. 

Figure 51 shows a block diagram of the watchdog timer. 
The watchdog timer consists of a 12-bit binary counter. 

The watchdog timer counts the clock frequency divided by 
32 (fz2) or by 512 (fs512). Whether to count f32 or fs12 is de- 
termined by the watchdog timer frequency selection flag 
shown in Figure 52. fs;2 is selected when the flag is “O” and 
fz is selected when it is “1”. The flag is cleared after reset. 
FFF,, is set in the watchdog timer when “L” or 2Vcc is ap- 
plied to the RESET pin, STP instruction is executed, data is 
written to the watchdog timer, or the most significant bit of 
the watchdog timer become “0”. 

After FFF,, is set in the watchdog timer, the contents of 
watchdog timer is decremented by one at every cycle of 
selected frequency fg0 or fsy2, and after 2048 counts, the 
most significant bit of watchdog timer become “0”, and a 
watchdog timer interrupt request bit is set, and FFF, is 
preset in the watchdog timer. 

Normally, a program is written so that data is written in the 
watchdog timer before the most significant bit of the watch- 
dog timer become “OQ”. If this routine is not executed due to 
unexpected program execution, the most significant bit of 
the watchdog timer become eventually “O” and an interrupt 
is generated. 

The processor can be reset by setting the bit 3 (software 
reset bit) of processor mode register described in Figure 
10 in the interrupt section and generating a reset pulse. 
The watchdog timer stops its function when the RESET pin 
voltage is raised to double the Vcc voltage. 

The watchdog timer can also be used to recover from when 
the clock is stopped by the STP instruction. Refer to the 
section on clock generation circuit for more details. 

The watchdog timer hold the contents during a hold state 
and the frequency is stopped to input. 








Watchdog timer 
frequency selection (connection forced to fs. during 
STP instruction execution) 


Watchdog timer 
(60,6) 


Vec 
detection 
circuit 


=> 


STP instruction 


Fig. 51 Watchdog timer block diagram 


Address 
Watchdog timer 61 
frequency selection 


0: Select fsy0 


1 = Select f3. 


Fig. 52 Watchdog timer frequency selection flag 
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RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 5V 
+10%. Program execution starts at the address formed by 
setting the address pins Az3~ Aig to 0046, Ais~ Ag to the 
contents of address FFFF,., and A7~ Ao to the contents of 
address FFFE jg. . 

Figure 53 shows the status of the internal registers when a 
reset occurs. 

Figure 54 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.9V or lower when the power vol- 
tage reaches 4.5V. 





M37732S4AFP 


RESET. 





Fig. 54 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 














































































































Address 

(1) Port P4 data direction register (OCy,)° 0016 | 
(2) Port P5 data direction register (OD,.)--: | 0016 | 
(3) Port P6 data direction register (1046) *: | 0046 | 
(4) Port P7 data direction register (1tig) | 0046 | 
(5) Port P8 data direction register  (1446)-°: 
(6) A-D control register (1Ey6)°* }0/ 0/0] 0 fo] 2}2]?| 
(7) A-D sweep pin selection register (1Fig)* XXX XXX) 11 1 

(8) UART0 Transmit/Receive mode register | (3016)°* 0016 | 
(9) UART 1 Transmit/Receive mode register  (3846)-°- a 00:6 a 
(10) UARTO Transmit/Receive control registerO (3446)--- vane 1X} 1] 0] 0} 0| 
(11) UART4 Transmit/Receive control registerOQ (3Ci6)-*° XD | 0 o|0 | 
(12) UART 0 Transmit/Receive control register1  (3546)--- lo | 010 | 0 fo[o]1/o| 
(13) UART 1 Transmit/Receive control register1 (3D,6)-°- [o[o]olofo o|1]o) 
(14) Count start flag (4016)°"° 0016 
(15) One-shot start flag (42:6)°"° XXX! 0] 0 0|o| 0| 
(16) Up-down flag (4416)°" a 0016 a 
(17) Timer AO mode register (5616)°*° | 0016 | 
(18) Timer A1 mode register (5716)°*° a 0016 | 
(19) Timer A2 mode register (5816)""° | 0046 ] 
(20) Timer A3 mode register (5916)°"° 7 0016 | 
(21) Timer A4 mode register (5A) °° 0016 | 
(2) Timer BO mode register: (5Bis)*** | 0 fo}1)X{0} 0/0] 0| 
23) Timer B1 mode register (5Ci6)°° lo 0 1 NK 0 | 0|0 0| 
(4) Timer B2 mode register (5Di6)*** | 0 fo}1|X/olofolo 
(25) Processor mode register (5Ei¢)°° / 0/0] 0}0] 0} 1) 0] 
(26) Watchdog timer (6016)°°° 
(27) Watchdog timer frequency selection flag (6146)°"° XK XXX X| 0 | 


Fig. 53 Microcomputer internal status during reset 
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Address 
(28) Waveform output mode register (6216)°*° x)X] 0] o| 0 | X 0/0 
(29) A-D conversion interrupt control register (7016)°*° KX 0] 0/0 | 0 
: Tt 
(30) _ UART 0 transmission interrupt control register (7146)°*° XD 0] 0 0/0 | 
(31) UART 0 receive interrupt control register (7216)°*° x x : x 0;0;0/0 
(32) UART { transmission interrupt control register (7316)°* XXX Xo! 0/0 0| 
mere 
(33) UART 1 receive interrupt control register (74146)°°° KX oJ 0 0 0| 
oe 
(34) Timer AO interrupt control register (7516): | 0;0/0 
(35) Timer A1 interrupt control register (7646)°°° XXX 21] sala 
(36) Timer A2 interrupt control register (7716) XXX 0] 0 jo 0 | 
; : ; ieee Peed jee 
(37) Timer A3 interrupt control register (7846)°"° 0/0 [9 0 | 
= 
(38) Timer A4 interrupt control register (7916)°*° KX Xo 0/0) 0 
(39) Timer BO interrupt control register (7Ay6)°*° XXX X0 0] 0! 0| 
(40) Timer B1 interrupt control register (7Byg)*** KX of 0 lo] 0| 
see 
(41) Timer B2 interrupt control register (7Cy6)°° xx x X 0/0! 0| 0} 
(42) INT interrupt control register (7Dy6):°: 0/0)0}0)0/0| 
iar XX[olololo 4 
43 i j eee 
(43) INT, interrupt control register (7E46) wae {9 pie 
(44) INT» interrupt control register (7Fig)'* XX 0|0 0/0/0 | 9 | . 
=|} 
(45) Processor status register PS ‘ol 0| 0;?/?/0/0 | 0} 1 aes 
(46) Program bank register PG x 00:6 
(47) Program counter PCy, Content of FFFF 4. 
a 
(48) Program counter PC, Content of FFFEi.¢ 
(49) Direct page register DPR 000016 
(50) Data bank register DT | 0016 
























































































































































Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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INPUT/OUTPUT PINS 

Ports P8 to P4 all have a data direction register and each 
bit can be programmed for input or output. A pin becomes 
an output pin when the corresponding data direction regis- 
ter is set and an input pin when it is cleared. 

When pin programmed for output, the data is written to the 
port latch and it is output to the output pin. When a pin is 
programmed for output, the contents of the port latch is 
read instead of the value of the pin. Therefore, a previously 
output value can be read correctly even when the output 
“L” voltage is raised due to reasons such as directly driving 
an LED. 

A pin programmed for input is floating and the value input 
to the pin can be read. When a pin is programmed for in- 
put, the data is written only in the port latch and the pin 
stays floating. 

If an input/output pin is not used as an output port, clear 
the bit of the corresponding data direction register so that 
the pin become input mode. 

Figure 55 shows a block diagram of ports P8 to P4 and the 
E pin output. 

In evaluation chip mode, port P4 is also used as control sig- 
nal pins. 

Refer to the section on processor modes for more details. 
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* Ports P43~P4, (Inside dotted-line not included) | 
Ports P47, P57, P6;~P67, P82, P8, (Inside dotted-line included, but P82, P8, are without hysterisis) 


Data direction 
register 
& Port latch 





Data bus 





* Ports P7>~P7, (inside dotted-line not included) 
* Port P77 (Inside dotted-line included) 


Data direction 
register 


Data bus 





* Ports P83, P87 (Inside dotted-line not included) 


Ports P5>~P5¢, P69 (Inside dotted-line included) 


Data direction 
register 





ies 


Data bus 


¢ Ports P8o, P8,, P8,, P8> 


; . “1 Oo 
Data direction y 
register 


Port latch 





Data bus 





Fig. 55 Block diagram for ports P8 to P4 and the E pin output 
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PROCESSOR MODE 

The bit 0 of processor mode register as shown in Figure 56 
is used to select either, microprocessor mode, or evaluation 
chip mode. . 

Figure 57 shows the functions of Ap to Az pins, Ag/Dg to Az3/ 
D7 pins, and port P4 in each mode. 

The external memory area changes when the mode 
changes. 

Figure 58 shows the memory map for each mode. 

The accessing of the external memory is affected by the 
BYTE pin and the bit 2 (wait bit) of processor mode regis- 
ter . These will be described next. 


PO. B.A Bo te 0 
Eee 


Processor mode bit 


eBYTE pin 

When accessing the external memory, the level of the 
BYTE pin is used to determine whether to use the data bus 
as 8-bit width or 16-bit width. 

The data bus width is 8 bits when the level of the BYTE pin 
is “H” and Aj;¢/Dp to Ao3/D7 become the data 1/O pin. 

The data bus width is 16 bits when the level of the BYTE 
pin is “L” and Ajg/Do to Az3/D7 pins and Ag/Dg to Ajys/D45 
pins become the data I/O pins. 

When accessing the internal memory, the data bus width is 
always 16 bits regardless of the BYTE pin level. 


Address 


Processor mode register «BEng 


0 : Microprocessor mode 


1 : Evaluation chip mode 


This bit must be “1” (It is set to “1” after a reset) 


Wait bit 
0 : Wait 
1 : No Wait 


Software reset bit 


Reset occurs when this bit is set to 1 


Interrup priority resolusion time selection bit 
00 : Select 1/f(Xiw) X14 
01 : Select 1/f( Xin) X 8 


10 : Select 1/f(Xin) X 4 


Test mode bit 


This bit must be “0” 


Fig. 56 Processor mode register bit configulation 
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' 
CMe | 0 


Mode 












Microprocessor Mode © Evaluation Chip Mode 


Same as left 
§ Address Az~Ao 
A; 


E 


A;/D 
“p a 
ieee ee 
As/ 
wp a 
15/ D45 


Ay5/Dys5 
Ports P4, P5 and their direction regis- 
ters are treated as 16-bit wide bus. 





BYTE="L" 










ec et, 
A;/Dz 
Address Ais ~ Ag 













Aog ™ Ate | | 
Data 
Ai6/Do 


pone Ai6/Do Az3~Aiex L | A../D Az3 ~ Ais 
16/V 
Ao3/Dy7 (even, odd) rae Address (even, odd) 


Same as As/Dg to Ais/Dis 






Same as left 


mi 


Port P4 


P4, 
f I/O Port 
P4, 


Fig. 57 Processor mode and Ap to A; pins, Ag/Dg to Az3/D7 pins and port P4 functions 
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Wait bit 

As shown in Figure 59, when the external memory area is 
accessed with the processor mode register bit 2 (wait bit) 
cleared to “0”, the “L” width of E signal becomes twice 
compared with no wait (the wait bit is “1”). The wait bit is 
cleared during reset. 

The accessing of internal memory area is performed in no 
wait mode regardless of the wait bit. 

The processor modes are described below. 


Microprocessor Evaluation chip 
mode mode 





FFFFFFi¢ 


The shaded area is the external memory area. 


Fig. 58 External memory area for each processor 
mode 


Internal clock¢ 


Ai/Dj \__ bata XA 0ata) 


Wait bit Z Address Address 


“4 


Address Address 


Ai/Dj CX _vata KX X_Data_) 
“Q” 


ALE 


Fig. 59 Relationship between wait bit and access time 





(1) Microprocessor mode (10) 

Microprocessor mode is entered by connecting the CNVss 
pin to Vcc and starting from reset. 

As/Dg to Ais/Dis pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is “L”, Ag/Dg to A;,/D15 pins func- 
tion as an address output pin while E is “H” and as an odd 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level “H”, Ag/Dg to Ais5/Di5 pins func- 
tion as an address output pin. 

A16/Do to Az3/D7 pins have two functions depending on the 
level of the BYTE pin. 

When the BYTE pin level is “L”, Ayg/Do~Ao3/D7 pins func- 
tion as an address output pin while E is “H” and as an even 
address data I/O pin while E is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, Ayg/Dg~Ao3/D7 pins func- 
tions as an address output pin while E is “H” and as an 
even and odd address data I/O pin while E is “L”. Howev- 
er, if an internal memory is read, external data is ignored 
while E is “L”. 

R/W is a read/write signal which indicates a read when it 
is “H” and a write when it is “L”. 

BHE is a byte high enable signal which indicates that an 
odd address is accessed when it is “L”. 

Therefore, two bytes at even and odd addresses are 
accessed simultaneously if address Ay is “L” and BHE is 
pa 
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ALE is an address latch enable signal used to latch the 
address signal from a multiplexed signal of address and 
data. The latch is transparent while ALE is “H” to let the 
address signal pass through and held while ALE is “L”. 
HLDA is a hold acknowledge signal and is used to notify 
externally when the microcomputer receives HOLD input 
and enters into hold state. 

HOLD is a hold request signal. It is an input signal used to 
put the microcomputer in hold state. HOLD input is 
accepted when the internal clock ¢ falls from “H” level to 
“L” level while the bus is not used. Ap to A7 pins, Ag/Dg to 
Ao3/Dz7 pins, R/W pin and BHE pin are floating while the 
microcomputer stays in hold state. These ports are floating 
after one cycle of the internal clock ¢ later than HLDA sig- 
nal changes to “L” level. At the removing of hold state, 
these ports are removed from floating state after one cycle 
of ¢ later than HLDA signal changes to “H” level. 

RDY is a ready signal. If this signal goes “L”, the internal 
clock ¢ stops at “L”. ¢, output from clock ¢, output pin 
doesn't stop. RDY is used when slow external memory is 
attached. 

(2) Evaluation chip mode [11) 

Evaluation chip mode is entered by applying voltage twice 
the Voc voltage to the CNVsg pin. This mode is normally 
used for evaluation tools. 

As/Dg to A;s5/Di5 functions as an address output pin while E 
is “H” and as data I/O pin of odd addresses while E is “L” 
regardless of the BYTE pin level. However, if an internal 
memory is read, external data is ignored while E is “L’. 
Ai6/Dp to Ao3/D7 function as an address output pin while E 
is “H” and as data I/O pin of even addresses while E is “L” 
when the BYTE pin level is “L”. However, if an internal 
memory is read, external data is ignored while E is “L”. 
When the BYTE pin level is “H”, A;g/Do to Az3/D7 functions 
as an address output pin while E is “H” and as data I/O pin 
of even and odd addresses while E is “L”. However, if an 
internal memory is read, external data is ignored while E is 
se 

Port P4 and its data direction register which are located at 
address O0Aig and 0Cj¢ are treated differently in evaluation 
chip mode. When these addresses are accessed, the data 
bus width is treated as 16 bits regardless of the BYTE pin 
level, and the access cycle is treated as internal memory 
regardless of the wait bit. 

Ports P43 to P4g become MX, QCL, VDA, and VPA output 
pins respectively. Port P47 becomes the DBC input pin. 
The MX signal normally contains the contents of flag m, but 
the contents of flag x is output if the CPU is using flag x. 
QCL is the queue buffer clear signal. It becomes “H” when 




















the instruction queue buffer is cleared, for example, when a 


jump instruction is executed. 

VDA is the valid data address signal. It becomes “H” while 
the CPU is reading data from data buffer or writing data to 
data buffer. It also becomes “H” when the first byte of the 
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instruction (operation code) is read from the instruction 
queue buffer. : 

VPA is the valid program address signal. It becomes “H” 
while the CPU is reading an instruction code from the in- 
struction queue buffer. | | 

DBC is the debug control signal and is used for debugging. 
Table 5 shows the relationship between the CNVsg pin in- 
put levels and processor modes. 


Table 5. Relationship between the CNVsg pin input 
levels and processor modes 


("Mode Deseripton 


¢ Microprocessor Microprocessor mode upon 
* Evaluation chip Starting after reset. Evaluation 
chip mode can be selected 


CNVss 
















by changing the processor 
mode bit by software. 


¢ Evaluation chip * Evaluation chip mode only. 





Vcc 


2° Voc 
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CLOCK GENERATING CIRCUIT 

Figure 60 shows a block diagram of the clock generator. 
When an STP instruction is executed, the internal clock ¢ 
stops oscillating at “L” level. At the same time, FFFie¢ is 
written to watchdog timer and the watchdog timer input 
connection is forced to fz2. This connection is broken and 
connected to the input determined by the watchdog timer 
frequency selection flag when the most significant bit of the 
watchdog timer is cleared or reset. 

Oscillation resumes when an interrupt is received, but the 
internal clock ¢remains at “L” level until the most signifi- 
cant bit of the watchdog timer is cleared. This is to avoid 
the unstable interval at the start of oscillation when using a 
ceramic resonator. 

When a WIT instruction is executed, the internal clock ¢ 
stops at “L” level, but the oscillator does not stop. The 
clock is restarted when an interrupt is received. Instructions 
can be executed immediately because the oscillator is not 
stopped. 


M37732S4AFP 





Fig. 61 Circuit using a ceramic resonator 


Interrupt request 


STP instruction 


Internal clock ¢ 


Fig. 60 Block diagram of a clock generator 
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The stop or wait state is released when an interrupt is re- 
ceived or when reset is issued. Therefore, interrupts must 
be enabled before executing a STP or WIT instruction. 
Figure 61 shows a circuit example using a ceramic (or 
quartz crystal) resonator. Use the manufacturers recom- 
mended values for constants such as capacitance which 
differ for each resonator. Figure 62 shows an example of 
using an external clock signal. 


ADDRESSING MODES 

The M37732S4AFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37732S4AFP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 


M37732S4AFP 


External clock source 





Watchdog 
timer 
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ABSOLUTE MAXIMUM RATINGS 


ie eae ee 
| Vi __| Input voltage RESET, CNVss, BYTE 


Voc 
Vv | V 
Input voltage Ag~A7, Ag/Dg~Az3/D7, 

Vv P43~P47, P5g~P57, P6y>~P67, P7>~P77, Vv 

a P8o~ P87, Vrer: Xin, HOLD, RDY a 
Output voltage Ap~A7, Ag/Dg~Az3/D7, 

Vo . P43;~P47, P5p~P57, P6p~P67, P7o~P77, Vv 
te P8y~P87, Xour, E, ¢1, HLDA, ALE, BHE, R/W ae 
Pa 
| Topr 





Power dissipation 


Operating temperature 


Storage temperature 


Topr 











RECOMMENDED OPERATING CONDITIONS (vVcc=5v+10%, Ta=—20~85TC, unless otherwise noted) 


| 
Symbol Parameter Unit 
amet Typ. Fe) 


Taney supply votage ——SSSSSCS~*~S~S dV 
supply votage Sid 
ed 









Analog supply voltage 
High-level input voltage P43~P47, P5p~P57, P69~P67, 
P7o~P77, P8)~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 

















Low-level input voltage P43;~P47, P59~P57, P69~ P67, 
; P79~P77, P897~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 
Low-level input voltage Ag/Dg~Ao3/D7 

















High-level peak output current Ag~A7, Ag/Dg~Az3/Dz, 
P4a~ P4,, P5o~ P57, P69~ P67, 
P79~P77,P89~P87, $1, 
HLDA, ALE, BHE, R/W 
High-level average output current Ap~A7, Ag/Dg~Az3/D7, 
P43~P4,, P5o~P5y, P69~P6r, 
P79~ P77,P89~ P87, $4, 
HLDA, ALE, BHE, R/W 
Low-level peak output current Ag~A7, Ag/Dg~Ao3/D7, 
P43~P4,, P5o~ P57, P69~P67, 
P7>~P77,P89~P87, $1, 
HLDA, ALE, BHE, R/W 
Low-level average output current Ap~Az, Ag/Dg~Az3/Dy, 
loi¢ avg) P43~P47, Phg~P57, Pég~P67, 
P7 9~P77,P8o~P8,, 4, 
HLDA, ALE, BHE, R/W 


f(Xin) External clock frequency input MHz 
M37732S4BEP ee ee 


Note 1. Average output current is the average value of a 100ms interval. _ 

2. The sum of lo.(peak) for ports Ay~ Az, Ag/Dg~ Az3/D7, HLDA, ALE, BHE, R/W, and P8 must be 
80mA or less, the sum of lon(peak) for ports Ap~Az7, Ag/Dg~Ao3/D7, HLDA, ALE, BHE, R/W, and P8 
must be 80mA or less, the sum of lo.(peak) for ports P4, P5, P6, P7, 6, must be 80mA or Jess, and 
the sum of lon(peak) for ports P4, P5, P6, P7, 6; must be 80mA or less. 












lou( peak) 








lon(avg) 





















lov(peak) 
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M37732S4AFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xy.)=16MHz, unless otherwise noted) 


Limits 





Parameter Test conditions 





High-level output voltage Agp~A7, Ags/Dg~Ao3/D7, 
43~P47, P5o~P57, P6p~P6r, 
P7o~P77, P89~P8,, 
#,, HLDA, BHE, R/W 
High-level output voltage Ag~A7, Ag/Dg~Aoz3/D7, 
¢,, HLDA, BHE, R/W 


lox=—1 OmA 


OH —400uA 


lox=— 10mA 

-— 
lonx=—400KA 
lox=— 10mA 
l ton=— 400A 

















High-level output voltage ALE 














High-level output voltage E 





Low-level output voltage Ag~A7, Ag/Dg~Aoz3/D7z, 
P43~P47, P5g~P57, P69~P6z, 
P7p>~P77, P89~P87, 
¢,, HLDA, BHE, R/W 


ot=10mA 








Low-level output voltage Ag~A7, Ag/Dg~Az3/D7, 


Vv foe RA dae lop =2mA 
oe ¢,, HLDA, BHE, R/W oL 











or=10mA 
| lop=2mA 
loLp=10mA 
lop =2mA 





VoL Low-level output voltage ALE 























VoL Low-level output voltage E 








Hysteresis HOLD, RDY, TAO\n~TA4in, TBO|N~TB2in, 
INTo~INT2, ADtag, CTSo, CTS;, CLKo, CLK; 


V+4—Vy— | Hysteresis RESET = 
Hysteresis Xin 
High-level input current Ag/Dg~Aoz3/D7, 

' P43~P47, P5g~P57, P69~ P6r, 
is P7)~P77, P89~P87,Xin, RESET, 
CNVss, BYTE, HOLD, RDY 
~ | Low-level input current Ag/Dg~Ao3/D7, 
P4,;~P47, P5g~P57, P6p~P67, 
P7>~P77, P89 ~P87, Xin, RESET, 
CNV¢s, BYTE, HOLD, RDY 
RAM hold voltage When clock is stopped. 


Vr4+—Vy— 






































V.=0V 














f(Xin) =16MHz, 
square waveform 
Ta=25C when clock 
is stopped. 

Ta=85°C when clock 
is stopped. 








Output only pin is 
Power supply current open and other pins 
are Vss during reset. 
































Resolution 


Absolute accuracy Vrer=Vec 
Riapper | Ladder resistance Varr= Vcc 
Conversion time 
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M37732S4BFP 
ELECTRICAL CHARACTERISTICS (Vcc=5v. Vec= OV, Ta=25C, (Xin) =25MHz, unless otherwise noted) 


Test conditions Unit 


High-level output voltage Ag~A7, As/Dg~ Ao3/D7, 
P49~P4,, P50~ P57, P69~ P67, 
P7o~ P77, P8~ P87, 
¢;, HLDA, BHE, R/W 


Vv High-level output voltage Ag~A7, Ag/Dg~ Ao3/D7, 
oa ¢,, HLDA, BHE, R/W 
OH 


Parameter 





Vou 


lon= —400u A 


é , lon=—10mA 
V High-level output voltage ALE 
lon=— 400A . 
Vv High-level output voltage E oie : 
igh-level output voltage 


lop=2mA 


Low-level output voltage Ap~A7, As/Dg~Az3/D7, 
P43,~P4,7, P5y~P57, P6p~P67, 
P7o~ P77, P89~ P8;, 
¢;, HLDA, BHE, R/W 
Low-level output voltage Ag~Az, As/Dg~Az3/D7z, 
¢;, HLDA, BHE, R/W 




















loL=1 OmA 


loLp=2mA 
lo.=1 OmA 


Low-level output voltage ALE 








Low-level output voltage E 
lop =2mA 


Hysteresis HOLD, RDY, TAOQin~TA4n, TBOw~TB2in, 
INTo~INTo, ADtrc, CTSo, CTS), CLK, CLK, 


Hysteresis Xin 











High-level input current Ag/Dg~Ao3/D7, 
P4,~P47, P5g~P57, P69~ P67, 
P7y~P77, P89~P87, Xin, RESET, 
CNVsg, BYTE, HOLD, RDY 
Low-level input current Ag/Dg~Az3/D7, 
P43~P47, P5g~P57, P6g~P67, 
P7o~P77, P89~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 














RAM hold voltage When clock is stopped. 


f( Xin) =25MHz, 











Power supply current 


Output only pin is 


square waveform 


open and other pins 


are Vsg during reset. 


Ta=25°C when clock 
Ta=85°C when clock 
is stopped. 


















Test conditions 





Symbol Parameter 
Resolution 
Absolute accuracy 
Ladder resistance 
Conversion time 


Reference voitage 
Analog input voltage 


Limits 


Vrer= Voc 
Vrer=Voc 2 


— 
eee 
Pe ace ee eel eee OO ea 
Ee 
mann 

















ei 
Ww 

i 
A lw 
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TIMING REQUIREMENTS (vVcc=5V+10%, Vss=0V, Ta=25T, unless otherwise noted) 
External clock input 


Parameter 








External clock input cycle time 





External clock input high-level pulse width 
External clock input low-level pulse width 
External clock rise time 




















External clock fall time 


Microprocessor mode 
Limits 
Symbol Parameter 16MHz ‘7 
Min, | Max. 
tsu(bH—E) Data high-order input setup time 45 
tsu(pL—e) Data low-order input setup time 45 = ie 
tsu(Pp4D—e) ~ | Port P4 input setup time 100 | L 
tsu(psp—e) Port P5 input setup time 100 
tsu(pep—e) | Port P6 input setup time [_ 100 le 
tsu(p7p—e) | Port P7 input setup time 100 pes 
tsu(psp—e) | Port P8 input setup time C 100 
























































tsu(rapy—¢,) | RDY input setup time 





tsy(HoLD—¢,)| HOLD input setup time 





th(e—pbnH) Data high-order input hold time 








thc e—bL) Data low-order input hold time 














thce—pap) Port P4 input hold time 




















O;O;O|;oO. 


thce—psp) Port P5 input hold time 


Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 


thc ¢,—Rby) RDY input hold time 
thcg,— 





























O;,O;O;O;O 








HOLD) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 








to(tTa) TAin input cycle time 
TAiwn input high-level pulse width 
TAiin input low-level pulse width 
Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAiy input cycle time 
TAiy input high-level pulse width 
TAin input low-level pulse width 






































Timer A input (External trigger input in one-shot pulse mode) 


Limits 





Symbol Parameter 

















to(ta) _ TAin input cycle time 








twotaH) TAin input high-level pulse width 











tw(tTac) TAi input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


Limits 





Symbol Parameter 


TAi input high-level pulse width 


tw( TAL) TAi\y input low-level pulse width 


























Timer A input (Up-down input in event counter mode) 
Limits 
Symbol . Parameter 16MHz 25MHz 

i Min. Max. 
tocup) TAioyt input cycle time . 2000 



































tw(upeH) TAiogut input high-level pulse width 1000 








tw(uPL) TAiout input low-level pulse width 1000 
tsu(up-tyy) TAiout input setup time {| 400 
th(t,-uP) TAiout input hold time 400 
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Timer B input (Count input in event counter mode) 









Limits 





Parameter 















to(tB) TBiw input cycle time (one edge count) 


tw(7tsH) TBi,y input high-level pulse width (one edge count) 























TBiy input low-level pulse width (one edge count) 


endl 

te(TB) TBijy input cycle time (both edges count) | 20 | | 160 | | ns | 
| | 80 | ns 
oats 








TBin input high-level pulse width (both edges count) 125 


tw(TBL) TBiwy input low-level pulse width (both edges count) 125 











Timer B input (Pulse period measurement mode) 





Symbol Parameter 








tc(TB) TBi input cycle time 





tw(TBH) TBiy input high-level pulse width 














twi(tTBL) TBiy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Limits 
Symbol Parameter 





—_— 
tc(TB) | TBiin input cycle time 














tw(tBH) TBiy input high-level pulse width 








tw(TBL) TBijy input low-level pulse width 











A-D trigger input 





Limits . 
Parameter . 25MHz 





—|— 
tc(aD) | ADtre input cycle time (minimum allowable trigger) 





























twiaDL) ADrre input low-level pulse width 


Serial I/O 


Limits 





Parameter 








to(ckK) CLKj input cycle time 








twickKH) CLKj input high-level pulse width 











tw(CcKL) | CLK input low-level pulse width 


tdic—a) gee output delay time 
thic—a) TxDj hold time 


tsu(p—c) RxDj input setup time 























thic—pb) RxDj input hold time 











External interrupt INTj input 


Limits 





Parameter 














twiNnH) INT; input high-level pulse width 








tWaINL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
Microprocessor mode (when wait bit = “1”) 


a 


tdiac—e) Address low-order output delay time 





Limits 






Test conditions 25MHz 









Co 
=, 


> 


—, 


SN 
oO 
—, —, 
O11 NO O01; Ro 
aS 
oa 


2 


| 
Data low-order output delay time 

Floating start delay time 

Address high-order output delay time 

Address high-order output delay time 

HLDA output delay time 

ALE output delay time 

ae 
Address middle-order hold time (BYTE=“L”) 

Data high-order hold time (BYTE=“L”) 

Floating release delay time (BYTE=“L”) 

R/W hold time | 
Port P4 data output delay time 

Port P5 data output delay time | 


td(e—p6a) Port P6 data output delay time 


! _| 100 | 

td(e—p7a) Port P7 data output delay time | 100 | 
| 100 | 

es sl 


NO 

> 
Sw 
oO 


WwW Ww 


W 
oO 


No 
oS 














ol 
Oo 
on) 
oO 





Ww 
O;rL. 





W | w 
O1oO 


N 
jo) 
et 
ee) 


N 
oO 








With 
| oO 


N 
oO 





o 





— fs {GQ} AO 
oO | c on 
poy 
fee) 


a 
OQ 
oO 








Port P8 data output delay time 
E pulse width ? 
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol 


Parameter 





——_—+— 


td(aL—e) 


td(e—pHa) 
texz(E—DHZz) 
td(am—e) 
td(am—aLe) 


td(e—pLa) 


Test conditions 





Address low-order output delay time 





Data high-order output delay time (BYTE=“L”) 
Floating start delay time (BYTE=“L”) 

Address middle-order output delay time 
Address middle-order output delay time 

Data low-order output delay time 








tpxz(E—DLz) 
td(aH—E) 


td(AH—ALE) 


td(¢,—HLDA) 
td(aLe—e) 


tWiaLe) 





Floating start delay time 





Address high-order output delay time 
Address high-order output delay time 





HLDA output delay time 








ALE output delay time 
ALE pulse width 








td(BHE—E) 


BHE output delay time 





td(r/w—e) 


td(e~s4)_ 





R/W output delay time 





¢, output delay time 





th(e—aL) 





Address low-order hold time 





th(aALE—am) 





Address middie-order hold time (BYTE=“L”) 





thi e—DHa) 





Data high-order hold time (BYTE=“L”) 





tezx(E—DHZ) 





Floating release delay time (BYTE=“L”) 





th(e—am) 





Address middle-order hold time (BYTE=“H”) 





th(aLeE—aAH) ie Address high-order hold time 





thie—pLa) | 





Data low-order hold time 





tezx(E—DLz) 


th(e—BHE) 





th(e—R/w) 





Floating release delay time 





BHE hold time 





R/W hold time 





td(e—p4q) 
td(e—psa) 





Port P4 data output delay time 





Port P5 data output delay time 





td(e—p6a) 





Port P6 data output delay time 





td(e—p7aQ) 





Port P7 data output delay time 





Port P8 data output delay time 





tw(eEL) 








E pulse width 


Ao™ Az 


As/Dg~ Ao3/ Dy 


P4 
P5 
P6 
P7 
P8 





Fig. 63 Testing circuit for each terminal 
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TIMING DIAGRAM ty tf te 
f(Xin) 
E 
nity td(e—paq) 
Port P4 output Xx 
tsu(pan—e) ae 
Port P4 input thie—Pap) 
a tdie—psa) 
Port P5 output |X 
tsu(Psp—e) pee 
e 
Port P5 input ; thie-Psp) 
nia td(e—p6q) 
Port P6 output xX 
tsu(PeD—E) 
— 
Port P6 input z thie—psp) 
ay td(e—p7aq) 
Port P7 output F, 
tsu(p70—€) pases 
Port P7 input | \ thte-p7p) 
ay tdie—psa) 
Port P8 output Lx 
tsu(pso—e) pee 
Port P8 input ee thie—pap) 
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te(ta) 









tw(tan) 








TAinn input 


| tec up) a 


tw(uPH) 





TAiout input 








TAiour input 
(Up-down input) N 


In Event counter mode 


TAiyy input 
(When count by falling) thity—up)| tsuCuP—Ty) 

ERs pe an 
TAiin input 


(When count by rising) 


te(tB) 






twitBH) 


TBiy input 








twcte) 


te(an) 
a LE Itntsn EEE 





tw(aot) - 
> 


ADrtraa input 


te(ck) 


tw(ckH) 


CLK;j 














tdic—a) 








RxDj 


tw(NnL) 





INT; input 
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D 





Microprocessor mode 
(When wait bit = “1”) 


dy 


mi| 
~ 


RDY input 


(When wait bit = “0”) 


py 


mi 
~~ 


RDY input 


(When wait bit = “1” or “0” in common) 


$y 


th(¢,—HoOLD) 


tsu(HoLo—¢4,) 


HOLD input 






td(¢,—HLDA) td(¢,;—HLDA) 





HLDA output 


Test conditions 

* Vec= 5 VE10% 

- Input timing voltage: Vy. =1.0V, Vin=4. OV 

* Output timing voltage : VoL =0. BV, Von=2. OV 
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Microprocessor mode (When wait bit = “1”) 


tf tr 

















tc 
twiL) twin) 
f(Xin) 
: sf 
Z 
pn rn 
th(acte—am) Pees m~ texz(E—DHz) tezx(E—DHz) 
output S| 
(BYTE=“L”) am d(E—DHQ) ' | 
| (AM—E 
| cer ig | 
ne ee GD 
(BYTE=“H") 
— thie- oH) 
thi ace—AH) RR csc texz(e—piz) tezx(e~pDLz) 
eae (scone | Kom [es |} -—--- 4-K_ ae 
output wa | tdane) | tsu(oL—e) ; 
td(AH—ALE) td(e—pta) _————| me Or 
Do~ D7 input 
twiaLe) 
SS) td(ace—e) 
ALE output 
td( BHE—E) i 
eee eed (ie eaten 
vi to 2 a) a 
tdir/w—-e) i 
E—R/W 
R/W output 
Test conditions 
. Vec= 5 V+10% 
* Output timing voltage : Vo. =0. 8V, Voy=2. OV 
* Do~Dis input > Vir =0. 8V, Viy=2. 5V 
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


(Xin) 


gy 


Ao™~ A7 output 


Asg/Dg~ Ai5/Dis 
output 
(BYTE=“L”) 


Ag~ Ais output 


tc 


tdie—4,) tdie~94) 


hi 


th(aLe—Am) i 
cp, 


[nase SY 


texz(e—pxz) tezx(E—DHZz) 


f ata |X | Address | Address |} eee ee ae Address 


| 





an DHQ) tdiam— €) 


thie—am) 


[aes YF 
















(BYTE=“H’") 
th(e—pH) 
Dg~Dyi5 input 
eT oe tezx(E—DLz) 
output Address —_ Data ccs a a Seles oes 73a a i Address 
td( AH—ALE) 
. tsu(oL— E) ee th(e—pL) 
Do~D7 input 
pas a— tw(ace) td(aLe— E) 
ALE output i ( 
td(eHE—E) ey ke BHE) 
oe ee 
th(e—rR/w) 
R/W output 
Test conditions 
*Voc= 5 V+10% 
- Output timing voltage * Vo. =0. 8V, VoH=2. OV 
: Do~ Dis input : Vii=0. 8V, Vin=2. 5V 
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DESCRIPTION 

The M37732S4LGP and M37732S4LHP are 16-bit micro- 
computers designed with high-performance CMOS silicon 
gate technology. These are housed in a small 80-pin plastic 
molded QFP. These microcomputers have a large 16M 
bytes address space, three instruction queue buffers, and 
two data buffers for high-speed instruction execution. The 
CPU is a 16-bit parallel processor that can also be switch- 
ed to perform 8-bit parallel processing. These microcompu- 
ters are suitable for communication, office, business and in- 
dustrial equipment controller that require high-speed pro- 
cessing of large data. 

The M37732S4LGP and M37732S4LHP are the low supply 
voltage and small package types of the M37732S4FP. 

The differences between M37732S4LGP and M37732S4LHP 
are the package as shown below. Therefore, the following 


descriptions will be for the M37732S4LGP unless otherwise — 


noted. 


Type name Package 
80-pin plastic molded QFP (80P6S-A) 


80-pin plastic molded Fine-pitch QFP(80P6D-A) 








M37732S4LGP 
M37732S4LHP 








FEATURES 
@ Number of basic instructionS:::*--\\77-7rrss sere 103 
@ Memory size RAM Scblo iste jereweia Be 9601S Wieteie Sse e ore 60 oie teh 8,8 2048 bytes 
@® instruction execution time 

The fastest instruction at 8MHz frequency --:---:--": 500ns 
@ Single low supply voltage rrr re ere ee 2.7~5.5V 


@ Low power dissipation 
(At 3V supply voltage, 8MHz frequency) --- 12mW (Typ.) 
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 


@ Wide operating temperature range::'::*::-"-*: —40~85C 
©. INterripts esse heres eset tenn eects 19 types 7 levels 
@ Multiple function 16-bit timer 77 5+3 
@ UART (may also be synchronous) Giaiaceeihiba die wae ee be Sore eee mass 2 
@ 8-bit A-D Converter <r rrr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports P4, P5, P6, P7, PQ) crccreeeetteseeteeeeneesseaeeeeee anes 37 
@ Pulse output port errr errr eee eee eee eee eee ee eee eee 4-bitxX 2 
@ Small package 

M37732S4LGP::::::::-::: 80-pin QFP (0.65mm lead pitch) 

M37732S4LHP 


ietenete ee neete ees 80-pin Fine-pitch QFP (0.5mm lead pitch) 





MITSUBISHI 
ELECTRIC 





PIN CONFIGURATION (TOP 


+ P77/AN7/ADtracG 
> P84/CTS;/RTS, 


+> P7./ANo 
— P7,/AN, 
++ P72/ANo2 
+ P73/AN3 
> P74/ANg 
cr P7s5/ANs 
++ P7.6/ANg6 
|Bl+>+ P8o/CTSo/RTSo 
<+ P83/TxDo 
[2]+>+ P85/CLK;, 


iS | = P67/TB2in 
fe]<+ P8,/CLKo 
ES pee P82/RxDo 


i] 
fl 
LS] 
f 
3] 


P65/TB1in ** L 160] +> P8&¢/RxD, 


[59] ~ P87/T,D, 


P60/TA4out > 
P57/TA3y/RTP13 +> [8] 
P56/TASour/RATP1 oo [9 | 
P5s/TA2iy/RTP1, +> [10] 
P5,/TA2out/RTP to -~ [11] 
P53/TA1 n/RTPO3 +> 
P52/TAToyur/RTPO2 <> 
P5,/TAOy/RTPO, «+ [ra 
P5o/TAQour/ATP0y «+ fia 


dH 1vScEZZEW 
dO 1VSceZZENn 


Mi}++ A,7/D, 


Outline 


M37732S4LGP 
M37732S4LHP-:::-:-80P6D-A 


* : Used in the evaluation chip mode only 


80P6S-A 


APPLICATION 

Control devices for communication equipment such as 
cellular radio telephones, cordless telephones, and radio 
communications. 
Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers. 

Control devices for industrial equipment such as ME, NC, 
and measuring instruments. 


NOTE | | 
Refer to “Chapter 5 PRECAUTIONS” when using this mi-. 
crocomputer. 
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td yod Gd wod 9d od 2d vod 8d wod 


snq ssoippy snq ejeq/snq ssouppy NdynosAndu| indynosjndu| indjng/yndu| indinosndu| ndynosyndu; 


~2 DOD DD—D DODOHDOS-OOOOHODDH-OOD WNOOND QHHHYOO® 


i E 


= PEPPER PS 09 EDD GGA EY CD IHOHGHGH COGHaD 


JOMO| SSOIPpY (9, )eveqsse|ppiw s94yBiy ssouppy © 



















(8)49U9AU0D G-V¥ (6)OLYWN (QL)OGL sous (QL)OVL soul, 





[gnzar sewn |] [nevssoun | Wvd 
| (ol)ewa sould | 


Data Bus(Even) 
Data Bus(Odd) 


Address Bus 
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FUNCTIONS OF M37732S4LGP 


Parameter 





Functions 





Number of basic instructions 





fe 
103 





Instruction execution time 








| 500ns (the fastest instruction at external clock 8MHz frequency) 








Memory size RAM 





| 2048 bytes 





P5~P8 





8 -bitx 4 





Input/Output ports 
p put p PA 


Multi-function timers 
TBO, TB1, TB2 


Serial 1/O 


TAO, TA1, TA2, TA3, TA4 


5 -bitX 1 
16-bitx 5 
16-bitX 3 
(UART or clock synchronous serial I/O) X2 











A-D converter 





8 -bit<x 1 (8 channels) 





Watchdog timer 





wall 12-bitX 1 





Interrupts 





3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 





Clock generating circuit 


| Buitt-in(externally connected to a ceramic resonator or quartz crystal resonator) 





Supply voltage 


| 2.7~5.5V 





Power dissipation 


12mW(at 3V supply voltage, external clock 8MHz frequency ) 





30mW(at 5V supply voltage, external clock 8MHz frequency ) 





saaaea | 


5V 





a Input/Output voltage 
Input/Output characteristic 
Output current 


5mA 





Memory expansion 


16M bytes 
— 





Operating temperature range 


—40~85°C 





Device structure 


CMOS high-performance silicon gate process 








M37732S4LGP 


80-pin plastic molded QFP (80P6S-A : 0.65mm lead pitch) 





Package 
M37732S4LHP 








80-pin plastic molded TQFP (80P6D-A : 0.5mm lead pitch) 
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PIN DESCRIPTION 


Name 











Reset input 


Input/Output 


Input 


Functions 








Supply 2. 7~5. 5V to Vcc and 0 V to Veg. 





Connect to Vcc. 





Input 





Clock input 


fe 





Clock output 





Enable output 


a Input 
. Output | and the Xour pin should be left open. 


Output | Data or instruction read and data write are performed when output from this pin is “L”. 


To enter the reset state, this pin must be kept at a “L” which condition should be maintained for the re- 
quired time. 








These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xiy and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 











Bus width selection input 


Input 


This pin determines whether the external data bus is 8-bit width or 16-bit width. The width is 16 bits when 
“L” signal inputs and 8 bits when “H” signal inputs. 





— 

















AVcc, AVss_ | Analog supply input Power supply for A-D converter. Connect AVcc to Vcc, and AVgg to Vgg externally. 
Veer Reference voltage input Input This is reference voltage input pin for A-D converter. 
= — —, : 
$1 Clock output Output This pin outputs the clock ¢, which is the divided clock to Xj pin by 2. 
a} 
RDY Ready Input This is ready input pin. This is an input pin for the RDY signal. Internal clock stops while this signal is “L”. 
HOLD Hold request input input This is an input pin for HOLD request signal. The microcomputer enters into hold state while this signal is “L’. 


HLDA 


f 


=) 
a] 5 











Hold acknowledge output; Output This is an output pin for HLDA signal, indicates the hold state 


Read/Write output Output “H” indicates the read status and “L” indicates the write status. 




































































BHE Byte high enable output; Output “L” is output when an odd-numbered address is accessed. 
ALE Address latch enable Output This is used to retrieve only the address data from address data and data multiplex signal. 

output | 
Ag~Az Address (low-order) Output | Address (A7~Ao) is output. 

output 

=, __|— 

As/Dg~ Address (middle-order) 1/0 In case the BYTE pin is “L” and an external data bus is 16-bit width, high-order data (Dj;~Dg) is input or 
Ais/Dis output/Data (high-order) output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. In case the BYTE pin 

1/0 is “H” and an external data bus is 8-bit width, only address (A;s~Ag) is output. 

— a 

Ai6/Do~ Address (high-order) 1/0 Low-order data (D7~ Do) is input or output when E output is “L”, and an address (Az3~Aj¢) is output when 
Ao3/D7 output/Data (low-order) E output is “H”. 

1/0 

P4,~P4, 1/O port P4 1/0 Port P4 is a 5-bit I/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 

P59~P57 1/O port P5 1/O Port P5 is a 8-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. 

These pins also function as {/O pins for timer AO, timer A1, timer A2 and timer A3. 

P69~ P67 1/O port P6 1/O In addition to having the same functions as port P5, these pins also function as I/O pins for timer A4, exter- 
nal interrupt input INTo, INT, and INT» pins, and input pin for timer BO, timer B1 and timer B2. 

P79~P77 1/O port P7 1/0 Port P7 is a 8-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is input mode when reset. These pins also function as analog input ANo~AN7 input 
pins. P77 also has an A-D conversion trigger input function. 

Fea 

P89~ P87 1/O port P8& 1/0 Port P8 is a 8-bit 1/O port. This port has an data direction register and each pin can be programmed for in- 
put or output. This port is in input mode when reset. These pins also function as RxD, TxD, CLK, CTS/RTS 
pins for UARTO and UART1. 
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BASIC FUNCTION BLOCKS 

The M37732S4LGP has the same functions as_ the 
M37732S4AFP except for the reset circuit. 

Refer to the section on the M37732S4AFP. 


MEMORY 


The memory map is shown in Figure 1. 


00000016 000000). 
00007 Fi¢ 
0000801¢ 
Bank 04, Peripheral devices 
control registers 
Internal RAM 


OOFFFFi¢ 2048 bytes »~ 
0100006 [~ 00007 F1. 


Bank 1i¢ 00087F i¢ 


interrupt vector table 
OOFFD6,. TT ~7] 


Timer BO 


b - eT 
FEQO00i¢ Timer A4 


Bank FEi¢ 


FEFFFFi¢ 
FFOQO00). 


Bank FFi¢ | 


| 
FFFFFFi¢ | 


[__] : internal 


-—s- 
$3 > External 





Fig. 1 Memory map 





ate MTSUBISH 2—581 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37732S4LGP ,M37732S4LHP 


16-BIT CMOS MICROCOMPUTER 





RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 

after holding it at “L” level when the power voltage is at 2.7 

~5.5V. Program execution starts at the address formed by M37732S4LGP 

setting the address pins Ao3~ Aig to 0016, Ais ~~ Ag to the 

contents of address FFFFi¢, and A7;~ Aj to the contents of 

address FFFE4.. 

Figure 2 shows the status of the internal registers when a 

reset occurs. 

Figure 3 shows an example of a reset circuit. The reset in- 

put voltage must be held 0.55V or lower when the power 

voltage reaches 2.7V. Fig.3 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


A Power on 


2.7V 
RESET 





“OV 
Ov 





Address Address 


Port P4 data directional register (0C,,)-* Waveform output mode register (6216)°"° X/0] 0/0 x! 0. 
Port P5 data directional register (0D,¢)-° A-D conversion interrupt control register. = (704g) **- XXX 0] 0] 0/0 


Port P6 data directional register (10;,)-:: 0016 UART 0 transmission interrupt control register (7146)°°° XXX 0 | of 0. 
Port P7 data directional register (1116)-": 0016 UART 0 receive interrupt control register (7246)°° XXX X of 0] 0 0 


Port P8 data directional register (1416)::: 0016 UART 1 transmission interrupt control register (7316)°°° XX X)X| 0] 0] 0 
A-D control register (1Ei6)* fo] o/o)o]ol2|2/2, UART 1 receive interrupt control register (7446)°"° XX X)X/ 0] o| | o| 
A-D sweep pin selection register (1F1,5)°°° DX a4 Timer AO interrupt control register (7516)""" XXX X of 0} 0/0] 
UART 0 Transmit/Receive mode register (3046)°*° 0046 Timer A1 interrupt control register (7616)°"- XXX 0 | 0 | 

XXX 

L\VN/\ 

XXX 








UART 1 Transmit/Receive mode register  (3845)-*- | 0016 Timer A2 interrupt control register (7746)"* vy Xoo 

UART 0 Transmit/Receive control register 0 (3446) °°° DIXX) +] 0] 0| Timer A3 interrupt control register (7816)-"° 
UART 1 Transmit/Receive control register0.  (3C46)--- XIX)X] 1/0] 0| Timer A4 interrupt control register (7946)-"° XDXXX| 0 | 0 | 
UART 0 Transmit/Receive control register1 (3546)"-- | 0 'o/o[o[o/o|1| Timer BO interrupt control register (7Ai6) °° XXX DX 0] 0| 
UART 1 Transmit/Receive control register1 (3D46)--- }0/0/0/0]0]1| Timer B1 interrupt control register (7Bie)* <PXDXDX 

Count start flag (4046)°°° 0016 | Timer B2 interrupt control register (7Cy6)°° DKK 

One-shot start flag (42,.)-°° XXX] 0 | 0] 0] 0] INT 9 interrupt contro! register (7Di¢)° XX] 0] 0. 0 

x] 








Up-down flag (4446)°°° 00,6 | INT , interrupt control register (7Ey6)°"° x fo} 


0 
Timer AO mode register (5616)""* 0016 INT 2 interrupt control register (7Fi6)°* XX} 0/0} 0/0] 0|0 
2 | 


Timer A1 mode register (5716) °° 0016 Processor status register PS 




















Timer A2 mode register (5816)°"° 0016 Program bank register PG 0016 





Timer A3 mode register (5916)°"° 00:6 Program counter PCy Content of FFFFi., 


Timer A4 mode register (5Ai6)**° Program counter PC, Content of FFFE, 





Timer BO mode register (5Big)° 0} 1)X/0/0/ 0] Direct page aaaieie DPR 000016 
Timer B1 mode register (5Ci6)° '0] 1)X} 0/0] 0| Data bank register DT 0016 
Timer B2 mode register (5Die) °° fo} 1 /X/ of ofo| | 

Processor mode register (5Ei6) °° }ofo}ofojo}1| 


Watchdog timer (6016) °° FFF 46 


Watchdog timer frequency selection flag (61i6)°°° XXX XXX 





Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 





Fig. 2 Microcomputer internal status during reset 
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ADDRESSING MODES 

The M37732S4LGP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37732S4LGP has 103 machine instructions. Refer to 
the MELPS 7700 machine instruction list for details. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 





Supply voltage 





Analog supply voltage 

Input voltage RESET, CNVss, BYTE 

Input voltage Ag/Dg~Az3/D7, P4g3~P47, P59 ~P5z, 
P69~P6r, P7o~P77, P8~P8,, XIN, 
HOLD, RDY 

















Output voltage Ag~A7, Ag/Dg~Ao3/D7, 
P43~P47, PSp~ P57, P69~P67, P79~P77, —0.3~Vect0. 3 
P89~ P87, Xour, E, $1, HLDA, ALE, BHE, R/W 
Power dissipation ; a 300 (Note1) 
Operating temperature et —40~85 
Storage temperature —65~150 









































Note1. In the case of M37732S4LHP, rating of power dissipation is 200mW. 


RECOMMENDED OPERATING CONDITIONS (Vec=2. 7~5. 5V, Ta=—40~85C, unless otherwise noted) 











Parameter 





Supply voltage 

















Analog supply voltage 














Supply voltage 








Analog supply voltage 
High-level input voltage P43~P47, P5p~P57, P69~P67, 
P7)~P77, P89~P87, Xin, RESET, 

l CNVss, BYTE, HOLD, RDY 

Vin High-level input voltage Ag/Dg~Az3/D7 . 











































Low-level input voltage P43~P47, P59~P57, P69~P67, 

Vin , P79~P77, P89~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 

Vin | eewelevel input voltage Ag/Dg~Az3/D7 








High-level peak output current Ag~A7, As/Dg~ Az3/D7, 
lon(peak) P43~P47, Pig~P57, P6p~P67, 
P7p~P77,P89)~ P87, $4, 
HLDA, ALE, BHE, R/W 
High-level average output current Ag~Az, Ag/Dg~Az3/Dz, 
lon(avg) P43~P4z, P59~P5z, P69~P67, 
P79>~P77,P89~P87, 41, 
HLDA, ALE, BHE, R/W 
= Low-level peak output current Ag~A7, Ag/Dg~Az3/D7, 
lou( peak) P43~P47, P5p~P5z, P6y~P67, 
P79~P77,P89~P87, $4, 
HLDA, ALE, BHE, R/W 
| Low-level average output current Ag~A7, Ag/Dg~Ao3/Dz7, 
lo-vavg) P43~P4z, P5o~ P57, P69~P67, 
P79~P77,P8o~P87, $14, 
HLDA, ALE, BHE, R/W 


(Xin) External clock frequency input PT 8 MHz 


Note 2. Average output current is the average value of a 100ms interval. ; 

3. The sum of lou (peak) for ports Ay~ Az, Ag/Dg~ Az3/D7, HLDA, ALE, BHE, R/W, and P8& must be 
80mA or less, the sum of lox(peak) for ports Ag~A7, As/Dg~Az3/D7, HLDA, ALE, BHE, R/W, and P8 
must be 80mA or less, the sum of lo.(peak) for ports P4, PS, P6, P/, ¢, must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, P7, ¢, must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Ta=25, f( Xin) =8MHz, unless otherwise noted) 





Parameter Test conditions 








High-level output voltage Agp~Az7, Ag/Dg~Az3/Dz, ie 
Voc=5V, lon=—10MA 
P4,~P4,, P5o~ P57, P69~ P6,, 
P7)~P77, P8~ P87, 
¢,, HLDA, BHE, R/W 
High-level output voltage Ag~A7, Ag/Dg~Az3/D7, 
¢1, HLDA, BHE, R/W 











Vec=3V, lox=—1 mA 


Voc=5V, lon= —400uA 





Vec=5V, lon=—10mA 
High-level output voltage ALE Voc=5V, lon=—400uA 

















Vec=3V, lon=—1 mA 
Voc=5V, lon==—10mA 
High-level output voltage E Voc=5V, lop=—400uA 











| Veo=3V, lon= —ImA 











Low-level output voltage Ap~A7, As/Dg~Az23/D7, 
P43~P47, P5p~P57, P6o~ P67, 
P79~P77, P89~P87, 
¢,, HLDA, BHE, R/W 

"Low-level output voltage Ag~A7, Ag/Dg~Az3/D7, 

¢;, HLDA, BHE, R/W 


Voc=5V, loL= 10mA 





Voc=3V, loc=1 mA 














Voc™=5V, lop=2mA 











+ 
Voc=5V, loL=1 OmA 


Low-level output voltage ALE Voc=5V, lol =2mA 

se ac loc=1mA 

Voc=5V, loL-=10mA 

VoL Low-level output voltage E | Voc=5V, lop=2mA 

| Veo=3V, lou=1mA 

Hysteresis HOLD, RDY, TAQw~TA4n, TBOiw~TB2in, Voc=5V 
cia 


















































INTo~INT2, ADtag, CTSo, CTS;, CLKo, CLK; Voc=3V 

Voc=5V 
_| Voo=3V 
| Voc=9V 
Voc=3V 




















Hysteresis RESET 

















Hysteresis Xin 








High-level input current Ag/Dg~Az3/D7, 
P43~P47, P5p~P57, P6g~P6,, 
P79~P77, P89~ P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 
Low-level input current Ag/Dg~Ao3/D7, 
P43~P4,, P5g~P57, P6g~P6r, 
P79~P77, P8y~P87, Xin, RESET, 
CNVss, BYTE, HOLD, RDY 


Vec=5V, Vi;=5V 








Vec=3V, V\=3V 











Vec =5V, V,=0V 











Vec=3V, V,=0V 














RAM hold voltage When clock is stopped. Z 


Output only On) ee 


square waveform | Vcoc=3V 

















pin is open - 
Power supply current and other pins Marea Ten c|OClC le 


are Vss during [stopped | 
reset. Ta=85C when clock is 


stopped. 




















Parameter Test conditions 








Resolution Vrer=Voc 








Absolute accuracy | Vrer=Vec 








— 


Riapper | Ladder resistance Vaer= Voc 








tconv Conversion time 





Reference voltage 

















cea i 








Analog input voltage 
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TIMING REQUIREMENTS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted) 
External clock input 


External clock input low-level pulse width 


- External clock rise time 
External clock fall time : 





Microprocessor mode 


Limits 





Symbol . Parameter 








+— 
tsu(pH—e) =| Data high-order input setup time 











tsu(pL—e) Data low-order input setup time 








tsu(pap—eE) Port P4 input setup time 














tsu(psD—e) Port P5 input setup time 


Port P6 input setup time 














Port P7 input setup time 
Port P8 input setup time 
RDY input setup time 


tsu(HOoLD—¢ ) HOLD input setup time 



































thc e—pbH) Data high-order input hold time 











thc e—pbL) Data low-order input hold time 








th(e—Ppap) Port P4 input hold time 








thc e—psp) =a Port P5 input hold time 








th(e—Pep) | Port P6 input hold time 











th(e—p7p) | Port P7 input hold time 











th( e—Psp) Port P8 input hold time 








thig;—RbyY) | RDY input hold time 

















th(¢,—HoLp) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


Limits 


Symbol Parameter 











-+— 
tc( ta) TAin input cycle time 








tw( TAH) TAi input high-level pulse width 








tw(TAac) TAijy input low-level pulse width 








Timer A input (Gating input in timer mode) 





Symboi Parameter 





to(Ta) TAiiy input cycle time 











tw(TAH) TAiin input high-level pulse width 











tw(TAL) TAijn input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


Limits 





Symbol Parameter 
eee | 
to(Ta) TAiy input cycle time 








tw(TAH) | TAiy input high-level pulse width 

















tw(TAL) TAiy input low-level pulse width 


Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 
tw(taAH) TAiiy input high-level pulse width 
tw(TAL) TAijy input low-level pulse width 


Timer A input (Up-down input in event counter mode) 














Limits 
| Min. 

to(up) | TAiout input cycle time | 9000 

tw(uPH) _| TAigut input high-level pulse width | 2500 





Symbol Parameter r 














tw(uPL) | TAiout input low-level pulse width 24 2500 
tsucup-tiy) _| TAiour input setup time 1000 


th(ty-uP) TAiout input hold time 1000 
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Timer B input (Count input in event counter mode) 


tc(TB) TBiy input cycle time (one edge count) 














tw(TBH) TBiyy input high-level pulse width (one edge count) 


ia ae 
tw(tBL) TBiy input low-level pulse width (one edge count) | 12 | | ons | 
tc(TB) TBiy input cycle time (both edges count) | 500 | | ns | 








tw(tBH) TBiy input high-level pulse width (both edges count) 250 


TBiyy input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


TBin input cycle time 
TBi input high-level pulse width 
TBijy input low-level pulse width 




















Timer B input (Pulse width measurement mode) 


Symbol Parameter : 


TBiwn input cycle time 1000 
TBiy input high-level pulse width 
TBiwy input low-level pulse width 








A-D trigger input 


I IeCAB is ao AD+re input cycle time (minimum allowable trigger) 2000 
ADyag input low-level pulse width 250 





















Serial I/O 


| Limits 
Symbol Parameter - Unit 
Min. Max. 


twickL) — | CLK; input low-level pulse width 
td(c—a) TxDj output delay time 7 
0 2 ns 




















thi(c—a) TxDj hold time 





tsu(p—c) RxDj input setup time 

















RxDj input hold time 





thic—p) 





External interrupt INTj input 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=2. 7~5. 5V, Vss=OV, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 


Microprocessor mode (when wait bit = “1”) 


Symbol Parameter 








td(aL—e) Address low-order output delay time 








td(e&—pbHa) Data high-order output delay time (BYTE=“L”) 








texz(e—pHz) | Floating start delay time (BYTE=“L”) 








td(am—e) Address middle-order output delay time 











td(am—ace) | Address middle-order output delay time 





td(e—pDLa) Data low-order output delay time 











texz(E—pLz) | Floating start delay time 





Address high-order output delay time 








td(an—ace) | Address high-order output delay time 





td(¢,—HLDA) HLDA output delay time 








td(aLeE—e) ALE output delay time 








tw(ALe) ALE pulse width 


td(BHE—E) BHE output delay time 
td(rR/w—e) R/W output delay time 























td(e—¢ D | #1 output delay time 











th(e—aL) Address low-order hold time 
th(aLeE—am) Address middle-order hold time (BYTE=“L”) 
th(e—DHa) Data high-order hold time (BYTE=“L”) 


Floating release delay time (BYTE=“L” 

Address middle-order hold time (BYTE="H") 

R/W hold time 

Port P4 data output delay time 

Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 
E pulse width 























Test conditions 
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions | kimits | 


| Limits 
Min. Max. 

50 ns 
Data high-order output delay time (BYTE=“L”) 130 
| 
Address middie-order output delay time 
Data low-order output delay time 
Floating start delay time 
Address high-order output delay time 
Address high-order output delay time 


td(¢,—HLpba) | HLDA output delay time 


ALE output delay time 








































































ns 

tW(aLe) ALE pulse width ns 
BHE output delay time ns 
tdcir/w—e_e) R/W output delay time ns 





| 





¢, output delay time 7 
Address low-order hold time 
Address middle-order hold time (BYTE="L”) ees 
Data high-order hold time (BYTE=“L”) 
Floating release delay time (BYTE=“L”) 
Address middle-order hold time (BYTE=“H”) 
Address high-order hold time 
Data low-order hold time 
Floating release delay time 
BHE hold time 
R/W hold time 
Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time . - 300 
Port P7 data output delay time 300 ns 
Port P8 data output delay time 
E pulse width 













































































ll 











or 

















Ao~Az 
Ag/Dg~Az3/D7 
P4 
P5 
P6 
P7 
P8 





Fig. 4 Testing circuit for each terminal 





oe | MITSUBISHI 
eee PR, 


MITSUBISHI MICROCOMPUTERS 


M37732S4LGP ,M37732S4LHP 


16-BIT CMOS MICROCOMPUTER 








TIMING DIAGRAM tr tf te 
twin) twiL) 
f(Xiw) 
E 
ety td(e—paq) 
Port P4 output Xx 
tsu(pa0—e) rae 
Port P4 input th(e—pap) 
nal td(e—psa) 
Port PS output |X 
tsu(Ps0—e) — 
Ee 
Port P5 input thie—psp) 
ne td(e—p6a) 
Port P6 output rx 
tsu(pep—e) 
_— 
Port P6 input he thie—Pep) 
meg td(e—p7aq) 
Port P7 output x 
tsu(p70—e) i 
Port P7 input | thie ) 
: —P7D 
tdie—psa) 
Port P8 output x 
t ~ 
su(P80—_) paazei 
Port P8 input ie thie—pso) 
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M l 2—591 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37732S4LGP ,M37732S4LHP 


16-BIT CMOS MICROCOMPUTER 





to(ta) 






tw(TaH) 





TAiw input 


TAiour input 





TAiour input 
(Up-down input) 


In Event counter mode 


TAiw input 
(When count by falling) 


TAiw input 
(When count by rising) 





te(TB) 










tw(tBH) 


TBiwn input 






tw(TBL) | 








te(ap) 
tw(aDt) 
ADrre input 
te(cK) 
tw(ckH) 
CLKj 
tw(cKL) 
thic—a) 
2 XK tr 
| tdic—a) : 


_tsu(o—c) ye tiicro) 





RxDj 


tWwant) 


INT; input 
| twann) 
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Microprocessor mode 
(When wait bit = “1”) 


$y 


freee 


E / 


RDY input 


tsu(rpy—¢,)} th g1—rby) 


(When wait bit = “0”) 


$y 


RDY input 


tsu(rpy—4,)| thi ¢1—roy) 


(When wait bit = “1” or “0” in common) 


$; 





tsu(HoLo- 4, thi, -HoLD) 





HOLD input 


tdi¢, HLDA) tdi, HULDA) 





HLDA output 


Test conditions 

*Voc™=2. 7~5. 5V 

* Output timing voltage > Vo, =0. 8V, Von=2. OV 

* Input timing voltage * V;,=0. 2Voc, Vin=0. 8Vec 
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Microprocessor mode (When wait bit = “1”) 


(Xin) 


oy 
: tdie— $4) tdie—61) 
E 
—_ 


Am a ae) ae 


thcace— am) bd | tezx(e—pHz) 


output 
(BYTE="L") ape 


(BYTE=“H”") 


th( aLe—AH) 


output 
d( AH—ALE) d(e—-ptLa: 
——. 
— tdiace—e) 
ALE output 











Address 





td(BHEe—e) 
th( e—BHE) 
oi ato 2 A) SCN 
tdipvw—e) l 
thie—R/w) 
R/W output 
Test conditions 
° Voc=2. 7~5. 5V 
* Output timing voltage : Vo, =0. 8V, Von=2. OV 
: Do~Dis input ‘ Vi =0. 16Vcc, Vin=0. 5Voc 
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Microprocessor mode (when wait bit = “0”, and external memory area is accessed) 





tc 
f(Xin) 
$; 
tdie—¢;) tdie—¢,) 
E 


Ag~Az output 





ee > RS GR 
th(aLe—am) ie texz(e—pHz) tpzx(E—DHz) 
As/Dg~A15/Di5 hie 
se Craw] Woe Cane} - - ----- - bare 
(BYTE="L”) tdi am—ALe) im i | 
(E—-DHQ) 
thie —am) 
Ag~ Ais output 
ha el iG RE Re 
ms aa 
Ds~ Dis input 
th( aLe—aH) i texz(e—p1z) tezx(E—0Lz) 


Aie/Do~Ao3/D7 


output | Address | |} 
Do~D; input 
tw( Ace) 
ALE output : 
td(eHEe—e) 

BHE output 

> tdiayw—e) 

| t 
R/W output 


Test conditions 
: Voc=2. 7~5. 5V 
* Output timing voltage > Vo_=0. 8V, Von=2. OV 


* Do~ Dis input ; V,;.=0. 16Vec, Vin=0. 5Voc 


Ff ieee -------- 
el td(aH—e) 
tsu(pL—e) aa ay th(e—oL) 
| 


Address 








: td(ate—e) 


Be th(e—BHE) 


re; eres 


th(e—r/w) 
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PROGRAMMABLE ROM VERSION 
M37702 GROUP 
M37703 GROUP 
M37704 GROUP 
M37705 GROUP 





M37702 GROUP PROM VERSION 











M37702 GROUP PROM VERSION 

The M37702 group has the PROM version which can be writ- 
ten into the internal PROM corresponding to the mask ROM 
version. 7 

There are two types for PROM version : 


@One time PROM version which can be written once 
@EPROM version which can be written and erased repeat- 
edly 


The PROM version has the same functions as the mask ROM 
version except for a built-in PROM. Additionally, it has the 
EPROM mode for writing into the internal PROM. 

General purpose PROM writer can be used for writing, so that 
the PROM version is suitable for a small-quantity and various 
production. 


FEATURES 

@Available one time PROM version and windowed EPROM 
version 

@Choice of 16MHz, and 25MHz versions as external clock 
input frequency 

@Choice of low supply voltage ; 2.7V—5.5V, wide operating 
temperature range version ("L” version) 

@Choice of two types as EPROM mode 
*256K mode .............. equivalent to EPROM M5M27C256K 
°1M mode................ equivalent to EPROM M5M27C101K 
* The large internal memory version is fixed to 1M mode. 





MITSUBISHI MICROCOMPUTERS 


M37702 Group 


PROM VERSION 


Expansion of M37702 group PROM version 


ROM |Group name] Memory size |FrequencysTemp| Package 

type | +Memory | (Byte) * Supply Vol.| (Note 1) 
identification 

One | M37702E2 sik 

Time QFP 

Ene (80P6N-A) 


M37702E4 | 32K 


M37702E6 | 48 


M37702E8 | 60 


@:NOW x: NEW 


Note 1. “L” version’s package is 80P6N-A, 80P6S-A or 
80P6D-A. Confirm its package on the following 
pages. 

2. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 

3. “A” version which external clock input frequency is 
16MHz is available for the M37702E2/E4. 


+ The former 8MHz version was unified into “A” version. “A” 
version satisfies the timing requirements and the switching 
characteristics of 8MHz version. 
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M37702E2AXXXFP,M37702E2BXXXFP 


"-M37702E2FS are respectivey M37 7OZE2AFS,M37702E2BFS 


unified into M37702E2AXXXFP 
and M37702E2AFS. 


DESCRIPTION 

The M37702E2AXXXFP and M37702E2BXXXFP are single- 
chip microcomputers designed with high-performance 
CMOS silicon gate technology. These are housed in a 80- 
pin plastic molded QFP. The features of these chips are 
similar to those of the M37702M2AXXXFP and M37702M2B 
XXXFP except that these chips have a 16K-byte PROM 
built in. 

These single-chip microcomputers have a large 16M bytes 
address space, 3-byte instruction queue buffers, and 2-byte 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. The M37702E2AFS (16MHz version) and 
M37702E2BFS (25MHz version) with erasable ROM that 
are housed in a windowed ceramic LCC are also provided. 
The differences between the M37702E2AXXXFP and 
M37702E2BXXXFP are the external clock input frequency 
as shown below. Therefore, the following descriptions will 
be for the M37702E2AXXXFP unless otherwise noted. 


External clock input frequency 
M37702E2AXXXFP 16MHz 
M37702E2BXXXFP 25MHz 


DISTINCTIVE FEATURES 







e@ Number of basic instructions Seis ove Wile ee wage le -0il0..8 OF erere severe wuevele ee oe 103 
CA Memory size PROM oie) e leheie ‘ev ehe coos eres txe.0) ar eie ls (ueuey sie<e sie Ore 16K bytes 
RAM ORE 6 ee ek Eee ee Oe ae wee 51 ? bytes 
@ Instruction execution time 
M37702E2AXXXFP 


(The fastest instruction at 16 MHz frequency)--:::- 250ns 
M37702E2BXXXFP 
(The fastest instruction at 25 MHz frequency)::::*- 160ns 


e Single power supply Ce br ehehenee RCL se huseay hea eeee ees 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

Said gia shiaskss WOE ig aseieracoras $ash area bre eae aisle ace Os a's, wie™s wel a piola Uwe iateenes 6OmW (Typ.) 
@ Interrupts Se Se See OER Oe ee BS BO RR RR ee ew oe 19 types 7 levels 
@ Multiple function 16-bit timers: 5+3 
@ UART (may also be synchronous) wb etd ol ene dover igo a 0 wre 6 Riavale tases 2 
@ 8-bit A-D converter -scccccc 8-channel inputs 
@® 12-bit watchdog timer 
@® Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)--- 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


PROM VERSION of M37702M2AXXXFP,M37702M2BXXXFP 





PIN CONFIGURATION (TOP VIEW) 








Oo oO 

va ¢9) 

a E 
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-ametnorn YOXOR 
Z222Z2222 be ol & Xx 
Ct<@ctc¢cc¢ o O OOaCr 
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- nn tf DO OR YH Ww orn m 
RRRRKRKRR O> £> 0000 0 
Ooaaadwardraeoadcad 
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& 68} |67| {66 












P7)/ANy + C1 [64] +» P8,/CTS,/RTS, 
P67/TB2,y +> ++ P8./CLK, 
P6./TBlin +> P8./RyD, 


P65/TBOin > 4 - P87/TxD, 
P6,/INT. +> + P0o/Ag 
P6,/INT, +> [6] > P0,/A; 
P6,/INTo +> +> P0s/Ap 

P6,/TA4n +> [8] <= <= - P03/A3 

P6o/TA4our + LS! or) re) > PO4/A, 
P57/TASin + [10 re ne > P0s/As 
P5e/TA3our +> Dy x S +> POg/Ag 
P5</TA2in + m Mm — P07/A7 
P54/TA2oyr bg > +> P1o/Ag/Dz 
P5a/TALin +> [4] x< S< +> P1,/Ao/Dg 
P5./TM our +> S es + P1o/Aio/Dio 
P5,/TAOy + [16 a a > P19/Ay/D44 


> Pt 4/Aq2/D4p 
> P15/Ay3/D13 
> Pte/Aya/D4 





P4./VDA* +> +> P17/Ay5/D45 
P4,/QCL* + +> P25/Aie/Do 
P4,/MX* <> +> P2,/Ay7/D, 
P4./$, > +> P2,/Aye/D> 












P4,/RDY ++ ai] +» P29/Ayo/Dg 

31 [32] [33] [34][35] [36] [37] [38] [39] [40] 
o¥ gb 2 4 ss yweeees 
a 3|% Ci © sy Se 

O72 x 
= ™ Ole INT Ecded 
s a BPOM ISS 
: Ceo e ea 

a 

a. aoaan 


Outline 80P6N-A 


*: Used in the evaluation chip mode only 


NOTE 

(1) Do not use the M37702E2AFS and M37702E2BFS for 
mass production, because these are tools for program 
development (for evaluation). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 


The M37702E2AXXXFP and M37702E2AFS satisfy the 


timing requirements and the switching characteristics of 
the former M37702E2-XXXFP and M37702E2FS. 








_ MITSUBISHI 3—5 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37702E2AXXXFP,M37702E2BXXXFP 


M37702E 2AFS sM37702E2BFS 


PROM VERSION of M37702M2AXXXFP,M37702M2BXXXF P 


Od vod ld yod @d od €d od vd od Gd yod 9d yod ld yod 8d yod 
“yndynosindu| indjnosindu; . -ndyNOsInduy = .yndynoysjnduy—s ndynoyAndu| indjnosyndy| ndjnosjnduy| indjnosindu| wndyno/yndu| 
OO TNOUOeoOoOoen"—_ 7 oe e -eere—oms ss DD eo Oa - rn SC oe oo ee eomnh.:.bw 
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FUNCTIONS OF M37702E2AXXXFP 


Parameter Functions 








Number of basic instructions 103 
M37702E2AXXXFP, M37702E2AFS 250ns (the fastest instruction at external clock 16MHz frequency) 
M37702E2BXXXFP, M37702E2BFS 160ns (the fastest instruction at external clock 25MHz frequency) 
PROM 16K bytes 
RAM 512 bytes 
8 -bit 8 
P3 4 -bitX 1 
TAO, TA1, TA2, TAS, TA4 16-bit 5 
TBO, TB1, TB2 16-bitX 3 
Serial 1/O (UART or clock synchronous serial I/O) X2 
A-D converter 8 -bit< 1 (8 channels) 
Watchdog timer 12-bitX 1 
3 external types, 16 internal types 























Instruction execution time 











Memory size 


Input/Output ports 












































Interrupts 
P (Each interrupt can be set the priority levels to 0 ~7.) 











Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 








Supply voltage 5 V+10% 
Power dissipation 60mW(at external clock 16MHz frequency ) 








Input/Output voltage 5V 





Input/Output characteristic 
Output current 5mA 








Memory expansion Maximum 16M bytes 





Operating temperature range —20~85C 





Device structure CMOS high-performance silicon gate process 
M37702E2AXXXFP, M37702E2BXXXFP 80-pin plastic molded QFP 
M37702E2AFS,M37/702E2BFS _ | 80-pin ceramic LCC (with a window) 














Package 
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PIN DESCRIPTION (NORMAL MODE) 


Voc; Vss Power supply — Supply 5 V+10% to Vcc and 0 V to Vgs. 
CNVss CNVsgzg input This pin controls the processor mode. Connect to Vss for single-chip mode. 












To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


ps) 
m 
2) 
m 
+ 


Reset input 






These are !/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xjy and Xoyr. When an external clock is used, the clock source should be connected to the Xj; pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Xourt Clock output 
Enable output 


Bus width selection input 


XIN Clock input input | 












BYTE 


AVcc, AVss_ | Analog supply input 
Vrer Reference voltage input Input This is reference voltage input pin for the A-D converter. 


POo~ P07 1/0 port PO 


_ 


P29>~P2, ‘| 1/O port P2 
P39>~P33 ‘| 1/0 port P3 1/0 


P4y~P4, ° | 1/O port P4 


P5o~ P57 1/O port P5S 








Power supply for the A-D converter. Connect AVcc to Vcc and AVgs to Vss externally. 





















In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Apo)is output in memory expansion mode or microprocessor mode. 





In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D1s~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 

if the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 


P1p~P17 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Ag3~ Aig) is 
output when E output is “H”. 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 












1/O in single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4, and P4; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the func- 
tion as $1 output pin. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 


















P69~ P67 


P79~P77 1/0 port P7 
P89~P87 I/O port P8& 


I/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as !/O 
pins for timer A4, external interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO, timer B1, 


and timer B2. 
















In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


— 
a 
Ce a Ce Connect to Vpp when programming or verifing. 

a 


Connect a ceramic resonator between Xj, and Xour. 















Power supply 












Connect to Vpp when programming or verifing. 


Keep open. 








Analog supply input 


——_}——- 





Connect AVcc to Vec and AVss to Vgs. 











Reference voltage input input 





Connect to Vgs. 

















Oo~ P07 Address input (Ap~A7) Input Port PO functions as the lower 8 bits address input (Ag~A7). 


Address input (Ag~Aj5) Input Port P1 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 


20 P27 Data |/O (Do~ D7) 
39~P33 


P4)~P4, 


P69~ P67 











1/O Port P2 functions as the 8 bits data bus (Dp~D7). 


















Input port P3 Input Connect to Vss. 











Input port P4 Input Connect to Vgs. 






















Input P5)*,P5, and P5» functions as PGM*, OE and CE input pin respectively. 
Connect P53, P54 and P5s to Vcc. Connect P5¢ to Vss in 256K mode and to Vcc in 1M mode. Connect P57 to 
Vss. 


Control input 











Input port P6 






Input i Connect to Vss. 












To~P77 Input port P7 Input Connect to Vs. 


80~ P87 Input port P8 Input Connect to Vgs. 


* ‘It is available in 1M mode. 
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EPROM MODE 

The M37702E2AXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 shows the correspondence between pins and Fig. 1 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 
CNVsg and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 





Table 1 Pin function in EPROM mode 
M37702E2AXXXFP | M5M27C256K | M5M27C101K 


Se 
Esa Meets Shun Nees: 2 
| Mss 















| Vee | CNVss, BYTE 






























* | In 256K mode, connect P17 and P59 to Voc. 


the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,.~ 7FFF,. in 256K mode, and 
address 1C000,,~1FFFF,, in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xiy pin and Xoyz pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 

For EPROM version can be written to or read from repe- 
atedly, so that 1M mode should be recommended to write 
faster. 





3—10 


9 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37702E2AXXXFP,M37702E2BXXXFP 
M37702E2AFS,M37702E2BF S 


PROM VERSION of M37702M2AXXXFP,M37702M2BXXXFP 


Fig. 1 





Equivalent to 
M5M27C256K 


Equivalent to 


M5M27C101K 


Equivalent to 
M5M27C 256K 


Equivalent to 
M5M27C101K 











P7g/ANy ++ [1] 


PG /TBI in, - 
P6s/TBOn +> L4] 


P6,/TAdiy + C8) 
P6o/TA4gut +> EJ 
P52/TA3 in — 10} 
P§6/TA3qut +> a 
Phe /TA2 in 
P54/TA2our 
PSa/TAIy +> [14 
P5o/TAlour +> 
P5,/TAQiny 16] 
P5o/TAQour +> 


Pari, + 
P4,/RDY +> 





Pin connection in EPROM mode 


P49/HOLD + 





++ P77/AN7/ADrre 


> P72/AN2 
— P73/AN3 
+> P7,4/AN, 
+ P75/ANs 
> P75/ANg 


B}=>+ P7,/AN, 


~ 
iS] 
~~ 
i 
™~ 
~~ 
~~ 
HD 
~ 
3] 
~ 
=] 


Nm 
ui 





ibe P82/RxDo 
++ P83/TxDo 


mp 
wo 


ddXxXxvcsac0ZZEw 


w 
Ww 
w 
& 
w 
an 
w 
LS] 
Sy 
~~ 
Ww 
[e 3) 
w 
wo 


P32/ALE ++ 
P3,/BHE + 
P39/R/W = 

P27/Ao23/D7 a 


P2s5/Ao1/Ds5 . 


C04.——_— P24/Az9/Dg + | 


P33/HLDA ++ 
P26/A22/Dg ++ 


64] +> P8,/CTS,/RTS, eS 
+> P8/CLK, 


at} + P25/Ay9/D3 —~——(3) 





- P86 /RxD, 

+> P82/T,D, 

+> Plo/Ag ————Ga) 
> PO,/A, 

+> P03/A3 ———— 

+> Pl/Ay -———Caa) 
se Plt ahs) 
$2 leh 
$0 Php aD 
= P1o/Ag/Dg ———_——(4) 
-~ P1,/Ag/Dg —_-———(4) 
++ P1/A19/D19 —-———@) 
+ PLa/Ayy/Day ; 
+> Pt 4/Ayo/Dy> i) Equivalent to 


M5M27C25 
++ Pis/Ay3/D}3 ————@p) con 


++ Pig/Ay4/D1g —————@)) 

++ Pto/Ais/Di5 a ” 
ad P2o/A16/Do ————o) 1°) 

> P2,/Ay7/D) ——-——o) L_a@ap 

+> P25/Ayg/D2 —~—~———02) Equivalent to 


M5M27C 101K 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading ee 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ayg~Aj;5) to be read, and the 
data will be output to the I/O pins Dyp~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ap>~Ajs, and the data to be 
written is input to pins Dp~D7. Set the PGM pin to “L” level 
to being writing. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cm?. | 
(M37702E2AFS, M37702E2BFS) 


Writing operation | 

To program the M37702E2AXXXFP, first set Voc=6V, Vpp= 
12.5V, and set the address to 1C000;.. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V(or Voc=Vpp=5.5V). 












Table 2 I/O signal in each mode 
Read-out 


ca PGM| V Pp Voc Data |1/O 
Sued Ma 


=| 
Vit x 5V |} 5V 
Disable x | 5Vv] 5vV 








Floating 


Output 


I 


Floating 
Programming H | Vie |12.5V 


Programming 

. Vive | Vin 
Verify 
Program Disable} Vin Vin 


Note 1: An X indicates either V,_ or Viy. . 






















ey 





Floating 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=255C, Vec=6V£0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 


Parameter 





Address setup time 

OE setup time 

Data setup time 

Address hold time 

Data hold time 

Output enable to output float delay 





Vcc setup time 
PGM pulse width 
topw 


PGM over program pulse width 


| toe _| Data valid from OE 








Test conditions 








‘i 
nin 





3 = 
~> 
MPO; M Mm] My]: 
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AC waveforms 
PROGRAM VERIFY 


” Peco eee 


ADDRESS 4 


ee ee 
Vin 
Vin/Vor 
DATA DATA a (| DATA ane [oata ourpur vaLiD) uaa 
Vpp 


[ 


IL 
Vin 
PGM 
Vit 
Vin 
OE ae 


Test conditions for A.C. characteristics 


i i | t It : =U, =? 
Programming algorithm flow chart nput voltage - Vi =0.45V, Vin=2.4V 
Input rise and fall times (10% ~90%) : <20ns 


Reference voltage at timing measurement : Input, Output 


START “L°=0.8V, “H"=2V 
ADDR=FIRST LOCATION 


Vec=6.0V 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF 0.2ms 
X=X+1 


= 


PROGRAM PULSE OF 
0.2Xms DURATION 


INCREMENT ADDR LAST ADDR ? 
Vec=Vpp= *5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED *4.5V <Voc=Vppe<5.5V 


4 


FAIL DEVICE 
FAILED 


PASS 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading oO 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~A,,4) to be read and the 
data will be output to the I/O pins Do~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing = 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ayg~Aj,,4, and the data to be written is input to pins Do 
~Dy. Set the CE pin to a “L” level to being writing. 


Erasing 7 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cm’. 
(M37702E2AFS, M37702E2BFS) 


Writing operation | 

To program the M37702E2AXXXFP, first set Voc =6V, Vpp= 
12.5, and set the address to 4000;¢.. Apply a ims write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 1ms write pulse 
and checking that the data can be read until it can be read 
OK. Record the accumulated number of pulse applied (N) 
before the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V( or Voc= Vpp=5.25V). 


Table 3 1/O signal in each mode 
Vn | Vn 
| Vu | 


| Vin | SV 


~ [a 

Vn | 5v | 5v | 
Wav 

Xx V 

Vin . 


Le 






Data |1/O 













CE V Vcc 
Read-out Vie 5 5V 
Output Vie 5 5V 
Disable 
Programming 12.5V 6V 
Programmin 

a Ma 12.5v] 6Vv 
Verify 
Program Disable] Vin _| Vin | 12.5V 


Note 1 An X indicates either V,_ or Vin. 


Floating 
Floating 


Floating 





Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Voc=6V0. 25V, Vpp=12. 5-0. 3V, unless otherwise noted) 


Address setup time 


fips a Data setup time 
Address hold time. 





Ripe. ol Data hold time 


Output enable to output float delay 
a 


CE over program pulse width 


Data valid from OE 





topw 





| 


nin 


NM}O}N 
Ww 
Oo 
RR 
o 


a 






Test conditions Unit 


n Typ 


US 


s 
ns 
us 
s 
1.05 s 
78.75 m 
150 





0. 95 
2.85 
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ADDRESS 


DATA 


Vin 
Vie 
Vin/Von 


Vit/Vor 
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PROGRAM VERIFY 
ee 

( DATA OUTPUT N 
7 VALID 





7 


DATA SET 


i 


Y 


LiF Viet 
= 
oe tee! 


ine 


Programming algorithm flow chart 





START 


ADDR=FIRST LOCATION 


Voc=6. OV 
Vpp=1 2.5V 


X=0 


PROGRAM ONE PULSE OF Ims 
X=X+1 
<a> use 
PROGRAM/VERIFY FAIL | DEVICE 
FAILED 







ONE BYTE 
PROGRAM PULSE 
OF 3Xms DURATION 
INCREMENT ADDR LAST ADDR ? 


YES 


Voc=Vpp= 75: OV 
VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED "4.5V<Voc=Vpp<5.5V 


PASS 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal 
or other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and 
may affect badly the erasure capability (ceramic pack- 
age product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(5) The programmable M37702E2AFP and M37702E2BFP 

_ that are shipped in blank are also provided. For the 
M37702E2AFP and M37702E2BFP, Mitsubishi Electric 
corp. does not perform PROM write test and screening 
in the assembly process and following processes. To 
improve reliability after write, performing write and test 
according to the flow below before use is recom- 
mended. 


Writing with PROM writer 


(Caution) 





Screening 











(Leave at 150 for 40 hours) 


Verify test with PROM wriwer 


BASIC FUNCTION BLOCKS 

Since these processors operate in exactly the same way as 
the M37702M2AXXXFP, refer to the section on the 
M37702M2AXXXFP. 


ADDRESSING MODES 

The M37702E2AXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E2AXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 

(1) M37702E2AXXXFP writing to PROM order confirmation 
form 

8O0P6N mark specification form 

ROM data (EPROM 8 sets) 


—_ oN 





[ee re aes ee ns ee 
| Function check in target device i 
L meee Pe eT SE ED as CE GET SE 86 EE | 
Caution : Never expose to 150 C exceeding 100 hours. 
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ABSOLUTE MAXIMUM RATINGS 
Parameter Conditions 


Supply voltage —0.3~ 7 
Zz 











Analog supply voltage —0.3~ 


Input voltage RESET, CNVss, BYTE —0. 3~12(Note 1) 











Input voltage PO9~P07, Pl9~P17, P29~ P27, P39~ P33, 
P49~P47, P59~P57, P69~P67, P7o~P77, —0.3~Voec +0. 3 
P89~ P87, Vrer, Xin 
Output voltage POg~P07, P19p~P17, P29~P27, P39~P3s, 
P4o~P47, P5o~P57, P6o~ P67, P7o~P77, —0.3~Vect0. 3 V 


P89~ P87, Xour, E 
Power dissipation 300 














Operating temperature —20~85 
—40~150 














Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 


RECOMMENDED OPERATING CONDITIONS (vcc=5v+10%, Ta=—20~85T, unless otherwise noted) 


Symbol Parameter 
Voc Supply voltage 
AVcc Analog supply voltage 


Supply voltage 
\ 














AVss Analog supply voltage 


High-level input voltage PO o~P07, P39~P33, P4o~ P47, 
Vv P59~ P57, P6g9~ P67, P7p>~P77, 
e P8y~ P87, Xi, RESET, CNVss, 
BYTE 
H 


Vv High-level input voltage P1p~P17, P29~P27 
(in single-chip mode) 


High-level input voltage P1p~P17, P29~P27 
Vin ~ (in memory expansion mode and |0.5Voeo 
microprocessor mode) 











Low-level input voltage POQ9p~P07, P3p9~P33, P4o~ P47, 
P59~P57, P69~P67, P7p>~P77, 
P89~ P87, Xin, RESET, CNV¢s, 
BYTE 














Low-level input voltage P1p~P17, P29~P27 
(in single-chip mode) 











Low-level input voltage P1p~P17, P29 ~P27 
(in memory expansion mode and 
microprocessor mode) 





High-level peak output current POgo~P07, P19~P17, P29~P27, 
lon(peak) P39~ P33, P49~P4z, P5o~P5z7, 
P6o~ P67, P79~P77, P89~P87 


High-level average output current POg~P07, Plo~P17, P29~P27, 

lon(avg) P30~ P33, P49~P4;, P59~ P57, 
P69~P67, P79~P77, P89~P87 

Low-level peak output current POg~PO07, Plo~P17, P29~P27, 

lou(peak) P39~P33, P49~ P47, P59~P5r, 
P69~P67, P79~P77, P89~P87 

Low-level average output current POp~PO7, Plo~P17, P29~P27, 

lot(avg) P39~ P33, P4p~ P47, P50~ P57, 
P69~ P67, P7o~ P77, P8~ P87 


M37702E2AXXXFP, M37702E2AFS 
f(Xin) External clock frequency input 
M37702E2BXXXFP, M3/7702E2BFS 
Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P& must be 80mA or less, 
the sum of lo. (peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lou(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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M37702E2AXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25°, (Xin) =16MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


p 
High-level output voltage PQg~P07, Plop~P17, P29~P2z7, 
P3o, P3,, P33, P49~ P47, 
P5o~ P5,, P69~ P67, P7o~ P77, 
P8o~ P87 


High-level output voltage POo~P07, Plo~P17, P29~P27, 
lon= —400uA 
P3o, P3,, P33 
. lonx=— 10mA 
High-level output voltage P32 

lon= —400uA ! 
. _ lon= —10mA 
High-level output voltage E 
lon=—400 uA 


Vou 
Vou 
Vou 
Vou 
Low-level output voltage PO9~P07, P1p~P17, P29~P27, » 
Vor 
Voi 
Voi 
Vot 









Unit 













7 ; 
4 
< 


S|9 
or oi Wor 
g 
> 


lonx=— 10mA 


& 
N 





& |W 
->;o\;- 













P39, P3;, P33, P49 ~P4;, 

P59~P57, P6g~P67, P7p>~P77, 
P89~P87 
Low-level output voltage PQ9~P07, Plo~P17, P29~P27, 
P3o, P31, P33 


lor=1 OmA 







0. 45 


lop =2mA 


lor=10mA 


Low-level output voltage P3. 





lop =2mA 


— locp=10mA 
Low-level output voltage E 
lop=2mA 
Hysteresis HOLD, RDY, TAO n~TA4in, TBO w~TB2n, 
Vr+—Vr— 


Hysteresis RESET 


INTo~INTo, ADrre, CTSo, CTS), CLKo, CLK, 
Hysteresis Xin - 


fe High-level input current POy~PO07, P1p~P17, P29~P2z, 


P3o~ P33, P4o~ P4,, P5o~ P5,, 


P69~ P6,, P7o~P77, P89~ P8,, 
tie 


Xin, RESET, CNVss, BYTE 
A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, (Xm) =16MHz, unless otherwise noted) 


Low-level input current POgo~P07, P1p~P17, P29~P27, 
P39~P33, P4p~P47, P59~P57, 
peau | Min. | Typ. 
7 Typ. | Max. _| 
Resolution Vaer= Voc 
Absolute accuracy Vrer=Voc 


P69~P67, P7>~P77, P89~P87, 
Xin, RESET, CNVsg, BYTE 

Ladder resistance Vrer=Vec . 

Ftcony [Conersiontime —SSC~“~s~“—*~*~CSC“‘;‘“C“;*‘“*SSCSCSCSCSCSCSCSCS 

Analog input voltage 





Bs 


oO 
(ep) s 
ss pb 

Go 









o| 9 w 
pO; +> 






Vi=5V 










| 
iS 
> 

























RAM hold voltage When clock is stopped. 2 


(Xin) =16MHz, 
square waveform 
Ta=25°C when clock 


a 
a 


Ta=85°C when clock 
is stopped. 


< 








12 


NO 
bb 


In single-chip mode ie 







output only pin is 
open and other pins 
are Vss during reset. 







Power supply current 


N 
oO 


g 
> 

























med 
+ 
N 
hm] o 
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M37702E2BXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=OV, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 


F  Limits 
Symbol Parameter Test conditions 


High-level output voltage PO9~PO07, P19~P17, P29~P2z, 
P35o, P3,, P33, P49~ P4,, 
Vou 
PSo~ P57, PG9~ P67, P79~P7;, 
P89~ P87 
Vv High-level output voltage PO9~PO07, Pto~P17, P2)~P2,, 
bel P39, P31, P33 








lon oe —400u A 











lox=—1 OmA 
lon=—400uA 
lox= —10mA 





Vou High-level output voltage P32 
oie tees 








Vou High-level output voltage E 








eeinve output voltage POg~P0;7, Plo~Pt7, P29~P2;, 
P39, P31, P33, P4o~ P47, 
P59~ P57, P6g~ P67, P79~P77, 
P89~ P87 

Low-level output voltage POg~P07, Pig~P17, P29~P27, 
P39, P31, P33 











lop =2mA 











lop =10mA 
lop =2mA 
lop=10mA 





Low-level output voltage P32 














Low-level output voltage E 





Hysteresis HOLD, RDY, TAQ\w~TA4in, TBOW~TB2in, 
INTo~INT2, ADtag, CTS, CTS}, CLKo, CLK, 
Hysteresis RESET 
Hysteresis Xin 
High-level input current POg~PO7, P1g~P17, P29~P27, 
P39~P33, P4g~P47, P59~P57, 
P69~ P67, P7p>~P77, P89~P8;, 
Xin, RESET, CNVss, BYTE 
Low-level input current POg~PO7, Plo~P17, P29~P27, 
P39~P33, P49 ~P47, P5p~P5z, 
P69~P67, P7p>~P77, P89~ P87, 
Xin, RESET, CNVgs, BYTE 
RAM hold voltage When clock is stopped. 
f( Xin) =25MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 


are Vss during reset. | T,=85'C when clock 
is stopped. 





























V,=0V 
































Power supply current 








Parameter Test conditions 





Vrer= Voc 








Vrer= Voc 
Vrer= Voc 


























Ea ee Ga 
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TIMING REQUIREMENTS (Voo=5V£10%, Vss=0V, Ta=25C, unless otherwise noted) 
External clock input 









Limits 






External clock input cycle time 

: 
Ftwwcuy | Extermal clock input low-level pulsewidth ——SSSSC*~=~“*~“‘~*“‘*~*S*~*~Ci@‘“C*dSCSC‘“‘C‘“CSCSO#NC”C*S 

Pty (| Ettemalclocksetime —SSSSCSC~<“~*~“~“~*~‘“‘“‘~*~*~‘~*~*~*~*~*S*S~S~SC‘“‘*dtSCSO 

Py [extemal clocktatime SSCSCSCSCSC‘“iSSCS 








Single-chip mode 


Symbol Parameter 
Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 100 


Port P4 input setup time 
Port P5 input setup time 


E) 
E) 
E) 
E) 





Limits 


"ana | 





16MHz 25MHz 















SS ee ee — ee ee Y 
oO;1o;o;}o o;oO;O 
O!1O;O;O O;O}]O 


Port P7 input setup time 

Port P8 input setup time 

Port P1 input hold time 
Port P2 input hold time 
Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 

















— 
[2] 
oO 



























Memory expansion mode and microprocessor mode 


Port P1 input setup time | 45 | fons 
Ftsucnov—#,) | RDYinputseuptime CC | Ts 
HOLD input setup time _ ——e 

ea 0 














th(e—P1bD) Port P1 input hold time 


Port P2 input hold time 


th(¢,—rRpby) | RDY input hold time 0 0 
HOLD input hold time 2 0 |. 0 
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Timer A input (Count input in event counter mode) 


Limits 
Symbol . Parameter 








TAin input cycle time 
TAiiy input high-level pulse width 
TAiiy input low-level pulse width 














Timer A input (Gating input in timer mode) 


Limits 
Symbol Parameter 


TAi\y input cycle time 
TAin input high-level pulse width 
TAiyy input low-level pulse width 























Timer A input (External trigger input in one-shot pulse mode) 


Limits 
Symbol Parameter 


TAijn input cycle time 
TAin input high-level pulse width 
TAi input low-level pulse width 


























Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 


TAiwy input high-level pulse width 
TAiw input low-level pulse width 

















Timer A input (Up-down input in event counter mode) 
Limits 
Parameter 





tco( up) TAiour input cycle time 





tw(uPH) TAiout input high-level pulse width 





tw(ueL) TAiour input low-level pulse width 


TAiour input setup time 


th(tyw-UP) TAiour input hold time 
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Timer B input (Count input in event counter mode) 


Parameter 16MHz 25MHz Unit 














TBi)y input cycle time (one edge count) 





tw(TBH) TBijy input high-level pulse width (one edge count) 


| ns | 
[ons 
TBijy input low-level pulse width (one edge count) | ons | 
ns | 
| ons | 
__ns | 





tc(TB) TBijy input cycle time (both edges count) 





tw(TBH) TBijy input high-level pulse width (both edges count) 





twitBL) TBiy input low-level pulse width (both edges count) 
Timer B input (Pulse period measurement mode) 


Symbol Parameter 








TBijn input cycle time 


tw(7TBH) TBiy input high-level pulse width 

















tw(TBL) TBiin input low-level pulse width 
Timer B input (Pulse width measurement mode) 


Symbol Parameter 








te(tB) TBiin input cycle time 








tw(tBH) TBiin input high-level pulse width 








tw(TBL) TBiiy input low-level pulse width 


A-D trigger input 


| 
Symbol Parameter _ 16MHz 25MHz 


tc(aD) ADzrc input cycle time (minimum allowable trigger) 














tw(ADL) ADtRa input low-level pulse width 


Serial I/O 


Symbol 


TxDj output delay time a 
| thoma) | TxDjhoidtime ae 
| tsuco—c) | RxDjinputsetuptime | 
| thic-py | RxDjinputhoidtime ae 










Parameter 











CLK; input cycle time 








CLKj input high-level pulse width 






CLKj input low-level pulse width 















External interrupt INTj input 


| win [Max | Min 
Eo 


INT; input low-level pulse width | 20 | =| 20 | | ns | 
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SWITCHING CHARACTERISTICS (Voc=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 


Single-chip mode 


Symbol Parameter 





td(e—poa) Port PO data output delay time 





Port P1 data output delay time 


td(e—p1a) 
td(e—p2aQ) Port P2 data output delay time 


td(e—ps3aq) Port P3 data output delay time 





td(e—p4aq) Port P4 data output delay time 





td(e—psa) Port P5 data output delay time 





td(e—p6a) Port P6 data output delay time 





td(e—p7a) Port P7 data output delay time 





td(e—psa) Port P8 data output delay time 





Test conditions 

















Memory expansion mode and microprocessor mode (wren wait bit = “1”) 


Parameter 








Port PO address output delay time 


td(e—Pp1aQ) Port P1 data output delay time (BYTE=“L”) 
tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 


td(Poa—eE) 























td(p1a—e) Port P1 address output delay time 


tdcpia—ace) | Port P1 address output delay time 








td(e—p2aQ) Port P2 data output delay time 
Port P2 floating start delay time 


td(p2a—e) Port P2 address output delay time 
td(p2a—ace) | Port P2 address output delay time 


td(¢,—HLpa) | HLDA output delay time 




















td(aLe—e) ALE output delay time 


tW(ALe) ALE pulse width 








BHE output delay time 


td( BHE—E) 





td(r/w—e) | R/W output delay time 

td(e—¢,) ¢, output delay time 

th( e—Poa) Port PO address hold time 
thcaLe—pia) | Port P1 address hold time (BYTE=“L”) 


thce_piq) | Port P1 data hold time (BYTE=“L”) 


Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H’”) 
Port P2 address hold time 

Port P2 floating release delay time 

BHE hold time 


th(e—Rw) R/W hold time 
tw(eEL) E pulse width 















































16MHz 25MHz 


Test conditions Unit 


bb 
o 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 










Limits 


16MHz 25MHz 


Test conditions Unit 







aS 
ol 


ain 

7 

Ls 
24 


N 
(-) 
h 





30 
24 








on 
len) 
ol 
oO 





ALE pulse width 
BHE output delay time 


R/W output delay time 


Ww 
© 


E) 
E) 
E) 
td(aLe—e) ALE output delay time 
E) 
E) 
) 


¢1 output delay time 
Port PO address hold time 


=e) 
( =—* *) 
Port P1 address hold time (BYTE=“L”) 
i = "(2") 
i =H") 


N 
oO 


WwW | Ww 
o;o 
—_b 
© |} & | & | CO | © oO; 0} 0 © O;O;NM Or] NM O71; DN PO 
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Fig. 2 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM 
Single-chip mode 


(Xin) 


mi 


Port PO output 
Port PO input 
Port P1 output 
Port P1 input 
Port P2 output 
Port P2 input 
Port P3 output 
Port P3 input 
Port P4 output 
Port P4 input 
Port P5 output 
Port P5 input 
Port P6 output 
Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 
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jl me pa twin) ¥ twiL) 


mg td(e—pog) 
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tsu(poo—e) 
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th(e—pop) 
ag tdie—pia) 
XK 
tsu(p1D—E) peal 
fo th(e—pip) 
| td(e—p2q) 
X 
tsu(p20-e) — 
eal th(e—pep) 
Be td(e—Pp3q) 
Xx 
tsu(ps0—e) — 
tes thie—p3p) 
any td(e—psq) 
tsu(pao—e) pas 
el th(e—pap) 
sal td(e—psa) 
X 
tsu(Ps0—€) — 
ze th(e—pso) 
may td(e—Ps6a) 
X 
tsu(pep—E) a 
Ee) th(e—peD) 
aide td(e—P7a) 
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to(ta) 


TAin input 


tecup) 












tw(uPH) 


TAiour input 


TAiout input 
(Up-down input) 


In Event counter mode 


TAiyy input 
(When count by falling) thit)—uP) 


: ee 
TAiyny input ts 
(When count by rising) 





TBiy input 


ADtrac input 


CLKj 


TxDj 





a 


RxDj 


| : 
INT; input S 
| . tw(iNH) : 
eee ate MTSUBSH | 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


RDY input 


(When wait bit = “0”) 


?y 


RDY input 


tsu(roy—¢,)}  th(¢1—Rby) 


(When wait bit = “1” or “0” in common) 


$y 


thi ¢;—HOLD) 


tsuc HOLD— 4) 


HOLD input 







td(¢;—HLDa) td(¢,—HLDA) 


HLDA output 


Test conditions 

*Voc= 5 V+10% 

* Input timing voltage : V,.=1.0V, Vin=4. OV 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


tt tr tc 
twiL) twin) 


f(Xin) 


$1 


Es 


y 






— 
thi ace—P1A) PXZ(E—P1Z PZXx(E—P1Z) 
2 ne 2g 
a i) aD as ee a 
(Ag~A,5/Dg~Dj5) t A) 
(BYTE="L”) Cd(P1A—ALE) | 
td(pia—E) 

= TCT ee ee 
(As~ Ais) 
(BYTE="H") — thie—pip) 
Port P1 input’ 


tpxz(E—p2z) tezx(E—p2z) 


thiace— a 
snabaae 2) a ee rex 


(Aie~Az3/Do~D7) td(p2a—ALe) : 
| hess _taieeae) —| Nie—P2p) 
Port P2 input 


tW(ALe) 
aes td(aLe—e) 
Port P32 output 
(ALE) 


ie 






idiene-e) Bel th(e—BHeE) 
(BHE) 
. tdi a/w—e) 


thie—ryw) 





Port P3, output 





(R/W) 
Test conditions . 
* Vec= 5 V+10% 
* Output timing voltage ° Vo, =0. 8V, Voy=2. OV 
* Ports P1,P2 input > Vip=0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
(Xin) i 
py 
td(e—4,) : 
= d(e- 44) 
E 








Port PO output iS 
(Ag~Az) 
It = 

th(aLe—P1A) PZx(E—P1Z) 
(Ag~Aj5/Dg~Dyj5) { Address (| Data | Address Address 
IBY a \——1—\ 

td (P1A—ALE) | 

td(p1a—e) 

Port P1 output ial = 
ae cs Oe, 
(BYTE=“H”") 


th(e—P1p) 


thi aLe—p2a) 2 tezx(e—P2z) 
(Avec Dor [Address Kata _| | a 


(Aie~Az3/Dp~D7) aU Address 









tdcp2a-ALe)| | tqie—p2a) 


Port P2 input 


td(aLe—E) 
Port P3, output 
(ALE) 


td(BHE—E) 
Ee th(e—BHE) 


(BHE) 
thi e—R/w) 


tdir/w—e) 


Port P39 output 
(R/W) 


Test conditions 

> Veo= 5 V+10% 

* Output timing voltage : Vo_=0. 8V, Von=2. OV 
* Ports P1, P2 input . Vip =0. 8V, Viy=2. 5V 





wee 









DESCRIPTION | 

The M37702E2LXXXGP is a single-chip 16-bit microcompu- 
ter designed with high-performance CMOS silicon gate 
technology. This is housed in a small 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M37702M2LXXXGP except that this chip has a 16K-byte 
PROM built in. 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para- 
llel processor that can also be switched to perform 8-bit 
parallel processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The strong points of the M37702E2LXXXGP and M37702E2L 
XXXHP are the low supply voltage and small package. 

The differences between M37702E2LXXXGP and M37702E2L 
XXXHP are the package as shown below. 
Therefore, the following descriptions will be for the 
M37702E2LXXXGP unless otherwise noted. 


| Typename | ——siPackage Cid 
M37702E2LXXXGP | 80-pin plastic molded QFP (80P6S-A) 


M37702E2LXXXHP 80-pin plastic molded Fine-pitch QFP 
(80P6D-A) 







FEATURES 
@ Number of basic instructions Pec ee ere cece rr eer ener cesses eeeece 103 
@ Memory size PROM(one time) 7 16K bytes 
RAM eee a er a 51 2? bytes 
@ Instruction execution time 
The fastest instruction at 8MHz frequency °:::::::::: 500ns 
@ Single low supply voltage-:*+s\s:strrr rere 2./~5.5V 


Low power dissipation 
(At 3V supply voltage, 8MHz frequency) --- 12mW (Typ.) 
(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 


@ Wide operating temperature range::::::-------: —40~85°C 
td Interrupts Come e eee er reves nesvessenereesvesereres 19 types 7 levels 
@ Multiple function 16-bit timer rr ree ee ee er eae 5+3 
@ UART (may also be synchronous) cesusiateteost deste oinecewe 9 
@ 8-bit A-D Converter --::1-r- rrr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sr 68 
Small package 

M37702E2LXXXGP-:::: 80-pin QFP (0.65mm lead pitch) 
M37702E2LXXXHP 

RDAs tesonasinaoes 80-pin Fine-pitch QFP (0.5mm lead pitch) 
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PIN CONFIGURATION (TOP VIEW) 























oO Qo c 
¢ 2 Aj 
FE E be 
Q vd a 
z < Soo ge 
Wo or OxXQAgQM 
oz zz be od Ok KE 
E< <q. og JOOEEHIO 
~N™~N ~~“ ~~ NSN NS 
Se Os BS ES SS aA oS 
ao ao>aq>a>aacaaa 
80}{79] 66 f65||64] 





P6./TB1in a 


O 




















P62/INTo +5] 
P6,/TA4w ++ [6] 
P60/TA4our 






P56/TAS ur + [2] 
P55/TA2iw ++ [10] 
P54/TA2o9ur + Hy] 
P55/TA1 ny + 
P5./TAlour 
P§,/TAQw +> [14] 
P5o/TAQour + [5] 
P4,/DBC* «+ [i] 
P4,/VPA* + 
P4./VDA* «+ [ig 
P4,/QCL* + [ig] 
P4,/MX* «> 






JO 
dOXXX124c0ZZEW 




















dHXXX124Sd0ZZEW 




















41] +» P2,/A,7/D, 








































26}[27]|28]|29] 32][33|[34][35][36][37][3e][39][40] 

Rah a Rae at 
Sale Sux 3h 2a ale caddda 
£1O ~ 5/0 x< +SA<|Me SA So w 

v Nz O LW Tani Noo ger 
a Sr Ole TA SSL I LSE 
2 SN NNN YS 

ae SOA SOTO SY 
a. a aadaaaa 
















M37702E2LXXXGP-:::--80P6S-A 
M37702E2LXXXHP-::::--80P6D-A 


* : Used in the evaluation chip mode only 


Outline 







APPLICATION 

Control devices for communication equipment such as 
cellular radio telephones, cordless telephones, and radio 
communications 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers. 

Control devices for industrial equipment such as ME, NC, 
and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
crocomputer. 
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FUNCTIONS OF M37702E2LXXXGP 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 
oH 16K bytes 
Memory size 
512 bytes 
a P4~P8 8 -bitX 8 
Input/Output ports 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 
Serial |/O (UART or clock a serial 1/0) X 
Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 2.7~5.5V 
12mW(at 3V supply voltage, external clock 8MHz frequency) 
Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 


Input/Output characteristic 
Output current 5mA 
Maximum 16M bytes 
epetalng temperature range —40~85°C 


M37702E2LXXXGP 80-pin plastic molded QFP (80P6S-A : 0. 65mm lead pitch) 
M37702E2LXXXHP 80-pin plastic molded Fine-pitch QFP (80P6D-A : 0.5mm lead pitch) 






















Package 
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PIN DESCRIPTION (NORMAL MODE) 


prin Name Input/Output 


CNVss 


RESET 


CNVsg input 


Reset input 








Xin 

















AVcc, AVss 


Vrer Reference voltage input 





RE 
POo~ P07 


P29~ P27 




















P7o~ P77 


P85~ P87 


| Clock input 


Clock output 


Enable output 


Bus width selection input 





Input 


Input 


Input 






Output 


Output 





Analog supply input 


i/O port PO 


1/O port P41 


I/O port P2 


1/O port P3 


1/0 port P4 


I/O port P5 


I/O port P6 


1/O port P7 





Functions 








Supply 2. 7~5. 5V to Vcc and 0 V to Vgs. 








This pin controls the processor mode. Connect to Vss for single-chip mode. 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 





Data or instruction read and data write are performed when output from this pin is “L”. 





In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 








Power supply for the A-D converter. Connect AVcc to Vcc and AVgg to Vsg externally. 





1/0 








1/0 





1/0 





This is reference voltage input pin for the A-D converter. 





In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 





In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Ds)is input or output when E output is “L” and an address (A;s5~Ag) is output when E output is “H’. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Dg) is input or output when E output is “L” and an address(Az3~ Ai¢)is 
output when E output is “H”. 





In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. in single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢, output pin divided the clock to Xj, pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢,; output pin. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2, and timer A3. 





1/0 


1/0 





I/O port P8 








1/0 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. 








In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANg~ANz7 input pins. P77 also has an A-D conversion trigger input function. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) | | 


a 
Cg 
fone noon | [omen 
fone fei | toe [comin eninowme 























Connect a ceramic resonator between Xin and Xour. 








PO o~P07 Address input (Ag~A7) 
Address input (Ag~Ai5) Input Port P1 functions as the higher 8 bits address input (Ag~A 
Data I/O (Do~D7) Port P2 functions as the 8 bits data bus (Dp~D7). 
Ee a 


P5o~P5;7 P5)*,P5, and P52 functions as PGM*, OE and CE input pin respectively. 


Connect P53, P54 and P55 to Vec. Connect P5¢ to Vss in 256K mode and to Voc in 1M mode. Connect P57 to 
Vss. 

am ewes 

a 

[cm leewore | 


* : It is available in 1M mode. 


Connect AVcc tO Vcc and AVsgsg to Vsgs. 














Connect to Vgs. 









Port PO functions as the lower 8 bits address input (Ap~Az). 





) 
15). In 256K mode, connect P17 to Voc. 
























Control signal input 





Connect to Vss. 









Connect to Vss. 








Connect to Vss. 
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BASIC FUNCTION BLOCKS 
The M37702E2LXXXGP has the same functions as the 
M37702M2BXXXFP except for the reset circuit. 


Figure 1 shows the status of the internal registers when a 
reset occurs. 
Figure 2 shows an example of a reset circuit. The reset in- 


put voltage must be held 0.55V or lower when the power 


Refer to the section on the M37702M2BXXxXFP. 
| voltage reaches 2.7V. 


RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 
~5.5V. Program execution starts at the address formed by 
setting the address pins Ao3~ Aig to 0016, Ays ~ Ag to the 
contents of address FFFF,., and A7~ Ag to the contents of 
address FFFE4g¢. 


Address Address 





Port PO data direction register (0446)°°° Processor mode register 


0016 
(0546)-*- 0016 | 
(0816) °°: 0016 


XiXXelele}° 


(OCi6)-*° 0016 


(5E,6)°°° | | 


(60,6) | | 


Dx 9 [0] 0 
xX 9 











Port P1 data direction register Watchdog timer 








Port P2 data direction register Watchdog timer frequency selection flag 











Port P3 data direction register (0916) °°: A-D conversion interrupt control register 


Port P4 data direction register 


UART 0 transmission interrupt control register (716)°° 











Port P5 data direction register 


(ODi6)°"° 0016 | UART 0 receive interrupt contro! register (7216)°°° 


0046 = 
(1146)°"° 00:6 

(1446)° 006 | 
Gea [ao[ojolo|2|?|2| 
DODODD | 


(3016)°"° 00,1. 


ooo 
XXMKofe/ [0 
XXX 0 0/0 


0 olo 














Port P6 data direction register (1016) UART 1 transmission interrupt control register (7316)°*" 











Port P7 data direction register UART 1 receive interrupt control register (7446) 














Port P8 data direction register Timer AO interrupt control register (75i6)°°° 











A-D control register Timer A1 interrupt control register (7616)°"° 








00/0] 


A-D sweep pin selection register (1F1.5)--- 


Timer A2 interrupt control register (7716)°°° 


VY 
L\VNIZN 








UART 0 Transmit/Receive mode register Timer A3 interrupt control register (7816)°"° 








UART 1 Transmit/Receive mode register (3816)°°° 0016 Timer A4 interrupt control register (7916)°°° 








UART 0 Transmit/Receive control register0  (3446)-°- Timer BO interrupt control register (7Aie) °° 














UART 1 Transmit/Receive control register (3Cy6)°*° Timer B1 interrupt control register (7Big): 

















UART 0 Transmit/Receive control register? (3546) °° Timer B2 interrupt control register (7Ci6)'° 



































(7Dig)°*° 


(3Di6)°": INT 9 interrupt control register 


UART 1 Transmit/Receive control register 1 








Count start flag (4016) °°" INT , interrupt control register (7Ey6) °° 














(42146)°°° (7Fi6) 


008 
= 
ololo 2] 2]o]o[o|1 
Program bank register PG 00:6 


Content of FFFFi¢ 
SH 
Content of FFFEi. 


000016 


One-shot start flag INT » interrupt control register 




















Up-down flag (44,6)°° Processor status register PS 














Timer AO mode register (5616)°°° 


Timer A1 mode register (5716)°°° Program counter PCy 








Timer A2 mode register (5816)°°° Program counter PC. 

















Timer A3 mode register (5946)°°° Direct page register DPR 





—— 











Timer A4 mode register (5Ai6)** Data bank register DT 00146 | 








Timer BO mode register (5Bie)** 





Timer B1 mode register (5Cig): 

















Timer B2 mode register (5Di6)"" Contents of other registers and RAM are not initialized and should be in- 


itialized by software. 














Fig. 1 Microcomputer internal status during reset 
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we Power on 


M37702E2LXXXGP 





Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


000000. 000000). 
00007Fi¢ 
000080 
Bank 0 i Peripheral devices 
16 Internal RAM control registers 
512 bytes 
OOFFFFic 


0100001. 
00027Fi¢ 


Bank 116 


Interrupt vector table 


A-D conversion 


UARTO receive 
Timer B1 
Timer BO 


Timer A4 
FEOOOO 
me \ Timer A3 











Timer A2 
Bank FE4. Timer At 
Internal PROM ~ Timer AO 





FEFFFF ig 16K bytes 
FFO0O00 
_ INT, 
Watchdog timer — 
see OOFFD6,; | ica s|-[o one 
\ BRK instruction 
\] zero divide 


OOF FFFi¢ 





Fig. 3 Memory map 
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EPROM MODE 

The M37702E2LXXXGP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 4 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5, is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 








P6,6/TB1 iy + 
P65/TBOw + 























CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 
the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27/7C256K or 
M5M27C101K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000;g~ 7FFFi¢ in 256K mode, and 
address 1C000,,.~1FFFFi¢ in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xjy pin and Xoyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 


€ 











(0) oO r 

z 2 z 

Q eli le 
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G0] <> P8¢/RxD, 
- P87/T,D, 








Equivalent P6,/INT> + +> P0o/Ao 
to the P63/INT, + ++ P0,/A; 
M5M27C256K P62/INTo +> +> PO2/A2 
O P6,/TA4in > LE z +> P03/A3 
. = P60/TA4our +* o +> PO,/A,4 Cag) 
Med P57/TA3in + Le, x +> P0;/As 
0 P5¢/TA3our +* LY ++ P0¢/Ag 
Equivalent = P5</TA2in + [al rm +> P07/A; 
to the 
M5M27C101K |_| pie ie E ** Plo/Aa/Ds 
Equivalent z a x Elie 3 
to the CcE)—— P52/TAlour Sc + P12/Aj0/Dio Equivalent 
M5M27C256K | Ce)——— P5,/TAQ + o) + P13/A,,/D,; (a1) to the 
——-O P5o/TAQout U +> P14/Ay2/D12 ———Gip 4, MSM27C256K 
ai P4, + +> P15/Ai3/D13 ————G@ip 
am) P4, + +> P16/A14/D14 ———@a) 
Equivalent P4, + +> P17/Ay5/D45 O O-@i5) 
to the P4,- +> P2/A16/Dp —————-o) Equivalent 
M5M27C101 K P4, - -~ P2,/Ay7/D; ——O» to the 
31 f{32][33][34]]35][36]]37][38][39][40 M5M27C101K 
Paty oT baled, fh A eh ad 
- > fal Ww 4 Kk z ILU ” <x Lu | Wd ~ ONO TON 
Solace Sux 3 6 arieacddda 
SY Zig | *< ~ wOf Ran 22 
af Ole Sie ei iced 
> ° ~NNNN NN 
74 | etm SENENENECES) 
a a. aoandnaa 


Outline 80P6S-A 


Fig. 4 Pin connection in EPROM mode 




















@n 
@s) 
5) 
©) 
3) 
C2) 


* > Connect to ceramic oscillation circuit. 
Cc : Itis used in the EPROM mode. 
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Table 1 Pin function in EPROM mode 


|_| M37702E2LxxxeP | M5M27C256K | M5M27C101K | 
Voc 
Vpp 
Vss 





aa! a 7 7 EN 
Vss Vss 
Data I/O Port P2 Do~D7 
P5e 
| Oe || CE 
fa PGM..—-"|-— P6ot | ne 


* > In 256K mode, connect P17 and P5o to Voc. 










FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ao~ Ais) to be read, and the 
data will be output to the I/O pins Dp) ~D;7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Aj~Aj5, and the data to 
be written is input to pins Dp~D7. Set the PGM pin to a “L” 
level to being writing. 





Writing operation - 

To program the M37702E2LXXXGP, first set Voc=6V, Vpp= 
12.5V, and set the address to 1C000;.. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V( or Voc=Vpp=5.5V). 


Table 2 I/O signal in each mode 





Programmin 

Verify . 

Program Disable] Vins | Vin 
Note 1: 


Vit . Output 








Floating 
An X indicates either V;, or Vip. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Voc=6V0. 25V, Vep=12. 50. 3V, unless otherwise noted) 


OE setup time 
Pton | Datahoidtime —SCSCSC~*” 


Vpp setup time 
= 
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AC waveforms 


Vin 
ADDRESS 
Vit 
Vin/Vou 
DATA 
Vir/Vor 
Vep 
Vpp 
Voc 
Veo+1 
Voc 
Voc 
Vin 
CE 
Vit 
Vie 
OE 
Vie 


PROGRAM VERIFY 
conan ae: 
DATA OUTPUT 
main oes ad 


7 ™ 


ed Vet). 


Programming algorithm flow chart 


START 


ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp=12.5V 








0 


PROGRAM ONE PULSE OF 1ms 
X=X+1 


<> YES 
PROGRAM/VERIFY 
ONE BYTE 
PROGRAM PULSE 
OF 3Nms DURATION 
LAST ADDR ? 


YES 


Voc=Vpp= *5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


I 





PASS 


INCREMENT ADDR 


DEVICE PASSED *4.5V<Voc=VerX< 5.5V 


af. MITSUBISH 
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FAIL | DEVICE 
FAILED 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading 


To read the EPROM, set the CE and OE pins to a “L” level. 


Input the address of the data (Ap~Aj;,) to be read, and the 
data will be output to the I/O pins Do>~D,7. The data 1/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. | 


Writing _ 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Aj4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to being writing. 


Writing operation 

To program the M37702E2LXXXGP, first set Voc=6V, Vpp= 
12.5V, and set the address to 4000,;.. Apply a 1ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 1ms write pulse 
and checking that the data can be read until it can be read 
OK. Record the accumulated number of pulse applied (N) 
before the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V( or Voc=Vpp=5.5V). 


Table 3 I/O signal in each mode 


Voc Data 1/O 














Vi | 5V 
Vin V 5V Floating 
x 5V 5V Floating 
Vin 12. 5V 6V Input 
V; 6V 
V : 


Read-out 
Output 
Disable 
Programming 
Programming 
Verify 

Program Disable 
Note 1 





Viv 


Vin | 12.5V | 6 Floating 


An X indicates either V,_ or Viy. 








ae 


Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vcc=6V£0. 25V, Vpp=12. 5£0. 3V, unless otherwise noted) 


Address setup time 








OE setup time 


Vpp setup time 
CE initial program pulse width 


CE over program pulse width 


| toe _| Data valid from OE 








3—40 














af. MITSUBISH 
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AC waveforms 


Vin 
ADDRESS 
Vie 
Vin/Vou 
DATA 
Vii/Vor 
Vpp 
Vpp 
Voc 
Voot1 
Voc 
Voc 
— Vin 
CE 
Vit 
Vin 
PGM 
Vit 
Vin 
OE 
Vie 


Programming algorithm flow chart 
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aE eared 


—— sae 


DATA SET = (] DATA OUTPUT VALID foes 


‘ ote 


Test conditions for A.C. characteristics 
Input voitage - V,;_=0.45V, V;y=2.4V 
Input rise and fall times (10% ~90%) : <20ns 
Reference voitage at timing measurement : Input, Output 


START “é = 0. 8V, "HY? = QV 
ADDR= FIRST LOCATION 


Voc=6.0V 
Vpp=12.5V 


X=0 


PROGRAM ONE PULSE OF 0.2ms 
X=xX+1 


FAIL DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Nms DURATION 






LAST ADDR ? 
YES 
Voc™= Vpp= *5.0V 


VERIFY FAIL 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *4.5V <Voc=Vppe<5.5V 


ney 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. ! 

(2) The programmable M37702E2LGP and M37702E2LHP 
that are shipped in blank is also provided. For the 
M37702E2LGP and M37702E2LHP, Mitsubishi Electric 
corp. dose not perform PROM write test and screening 
in the assembly process and following processes. To 
improve reliability after write, performing write and test 
according to the flow below before use is recom- 
mended. 


Writing with PROM writer 


(Caution) 





Screening 











(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


ADDRESSING MODES 
The M37702E2LXXXGP has 28 powerful addressing modes. 


_ Refer to the MELPS 7700 addressing mode description for 


the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E2LXXXGP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

M37702E2LXXXGP; 

(1) M37702E2LXXXGP writing to PROM order confirmation 
form 

(2) 80P6S mark specification form 

(3) ROM data (EPROM 8 sets) 


M37702E2LXXXHP; 
(1) M37702E2LXXXHP writing to PROM order confirmation 
form 


(2) 80P6D mark specification form 
(3) ROM data (EPROM 38 sets) 





Fe ee re ree ee ee ere ee a 
] Function check in target device | 
L qm aE aE seEP ETP GEP oaEPeaEPDP aw EP SS EET J 
Caution : Never expose to 150°C exceeding 100 hours. 
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ABSOLUTE MAXIMUM RATINGS 
Parameter 





Conditions Ratings 
—0.3~7 











Analog supply voltage 








—0.3~7 








| V, __| Input voltage RESET, CNVss, BYTE 











—0. 3~12(Note 1) 





Input voltage PQ o~ P07, P1 o~P17, P29~P2,, P39~ P33, 
P49~P4,, P59~ P57, P69~ P67, P79~P77, 
P8o~P87, Vrer, Xin 


Supply voltage 











—0. 3~Voec +0. 3 





—0. 3~Voect0. 3 





V1 
Vi 
Output voltage PO9~PO07, Plo~P17, P29~P27, P3p~P3s, 
Vo P49~P4;, P5o~P57, P69~P6;, P79~P77, 
P89 P87, Xour, E 
Pq Power dissipation 


Operating temperature 
Storage temperature 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 














200 
—40~85 
—65~150 








RECOMMENDED OPERATING CONDITIONS (vcc=2.7~5.5V, Ta=—40~85C, unless otherwise noted) 


Parameter 





Supply voltage 








Analog supply voltage 
Supply voltage 


High-level input voltage POg~P07, P39~P33, P4o~P4z, 
P5o~P57, P6g~P67, P79~P77, 
P8)~P8r, Xin, RESET, CNVss, 
BYTE 

High-level input voltage P19~P17, P29~P27 
(in single-chip mode) 

High-level input voltage Plgp~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 

Low-level input voltage PO 9~P07, P39~P33, P4o~ P47, 

. P5g~P57, P6p~P67, P79o~P77, 

P8)~P87, Xin, RESET, CNVss, 
BYTE 

Low-level input voltage Pig~P17, P29~P27 








(in single-chip mode) 
Low-level input voltage P19~P17, P29~P27 


(in memory expansion mode and 
microprocessor mode) 


High-level peak output current PQg~P07, Plo~P17, P29~P2;, 

loH( peak) P39~P33, P4g~P47, PSp~P5z, 
P69~P67, P79>~P77, P89~P87 

High-level average output current POgo~PO07, Pip~P17, P29~P27, 

lon(avg) P39~P33, P4g~P47, P5p~P5z, 
P6o~P67, P79>~P77, P89 ~P87 

Low-level peak output current POg~P07, Plg~P17, P2o~P27, 
lou(peak) P3o9~P33, P4g9~P47, P5p~P57, 
P6o~P67, P79~P77, P89~P87 

Low-level average output current POg~PO7, Plo~P17, P29~P27, 

lot(avg) P39~P33, P49 ~P47, P59~P5;, 
P69~P67, P79>~P77, P89~P87 


f(Xin) External clock frequency input 








Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lor(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vec=5V, Vss=OV, Ta=25°C, f(Xin) =8MHz, unless otherwise noted) 


Parameter Test conditions 


| 





High-level output voltage PO 9~P07, Pl9o~P17, P29~P2, 
P39, P31, P33, P49~P4z, 
P5o~P57, P69~P67, P7o~P77, 
P89~ P87 

High-level output voltage PQ o~P07, P19~P17, P2o~P27, 
P39, P31, P33 


Voc=5V, lox= —10mA 





Vec=3V, lon= —ImA 


NO 
on 








Vec=5V, lon= —400uA 





Voc=5V, loy=—10mMA 
High-level output voltage P3. Voc=5V, lon= —400uA 

Vec=3V, loyx=—I1mA 

Voc=5V, lon=—10mA 
High-level output voltage E Voc=5V, lon=—400uA 
Voc=3V, lox=—1mA 


























Low-level output voltage POg~P07, Plp~P17, P2o~P27, 
P39, P31, P33, P4o~P4,, 
P59~ P57, P60~ P67, P7o~ P77, 
P8)~ P87 


Vec=5V, loc=1 OmA 





Voi 





Voc=3V, loL=1 mA 








Bs 


Low-level output voltage POg~P07, Plp~Pt7, P29~P27, 
p g 0 7 0 7, Peg 7 Vomby: oman 
P35, P31, P33 


VoL 
Voc=5V, lop =10mA 
Vor Low-level output voltage P32 Vec=9V, lor=2mA 
Vot 











Low-level output voltage E Vec=5V, lop =2mA 
Vec=3V, lop=1mA 
Vr+—Vr- 


INTo~INT2, ADtag, CTSo, CTS;, CLKo, CLK, Voc=3V : 


puis : 
Vr+—Vr-- | Hysteresis RESET 
. 


Hysteresis Xin = 


High-level input current PQg~P07, P1o~P17, P29~P2;, 
P39~P33, P49~P47, P5g~P5r, 
P69~P67, P79>~P77, P89~P8;, 
Xin, RESET, CNVss, BYTE 
Low-level input current POQg~P07, P19~P17, P29~P2z, 
P39~P33, P49 ~P47, P59~P5z, 
P69~P67, P79>~P77, P89~ P87, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 
In single-chip (Xin) =8MHz, 


mode output square waveform | Voc=3V 
only pin is open 








S/9 N/AlwO/M;alw] BE | ot 
hj ©) | © O};O;—| N Ww 


oO;oO 








Vec=5V, Vi=5V 





& 
> 


Vec= 3V, V =3V 


et 
ol eal de Bec ed : 
+ oO IMi/wla};ain}— 


Aa 
+ oO 
= 








Voc=5V, V,=0V 





Vec= 3V, V; =0V 











N 
3 
> 


iuae 


foe) 


Ta=25C when clock is 


Power supply current 
stopped. 


—, 


and other pins 





= 
> 








are Vgs during Ta=85C when clock is 


stopped. 


ie) 
oO 


reset. 








A-D CONVERTER CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 


ae Absolute accuracy Vrer= Voc 
Ladder resistance Verer=Vec 


Conversion time 








Reference voltage 














Analog input voltage 
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TIMING REQUIREMENTS (Voc=2. 7~5. 5V, Vss=OV, Ta=25, f(Xin)=8MHz, unless otherwise noted) 
External clock input 


Symbol Parameter 


External clock input cycle time 
r 


External clock input high-level pulse width 


twiL) External clock input low-level pulse width 


External clock rise time 
External clock fall time 





Single-chip mode 


Symbol Parameter 


tsu(Pop—E) Port PO input setup time 








tsu(e1p—e) Port P1 input setup time 





tsu(p2D—e) Port P2 input setup time 





tsu(p3p—e) Port P3 input setup time 





tsu(p4p—e) Port P4 input setup time 








tsu(psp—E) Port P5 input setup time 








tsu(pep—e) Port P6 input setup time 


Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 
Port P6 input hold time 


th(e—p7bD) Port P7 input hold time 























th(e—psp) Port P8 input hold time 


Memory expansion mode and microprocessor mode 


Port P1 input setup time 
Port P2 input setup time 








Cteutnore—ay [HOLD nputeuptine——SSCSCSCSC~—CSSSSS*d 
eS 
Mtecesn) [Pot Peigttodtine ——OCSCSCSCSCSCSC~“*S*S*~“‘“‘“S~S*S*S*S*C“~S*~“s~“ssSSSSSSSCSdSC 

me 








thi ¢,—RDoDY) RDY input hold time 
th¢¢ ;—HOLD) 





HOLD input hold time 
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Timer A input (Count input in event Seunitet mode) 


: 
Symbol Parameter 


te(tTa) TAiiy input cycle time 


TAiy input high-level pulse width ons 
TAiy input low-level pulse width 125 / ons | 












Timer A input (Gating input in timer mode) 


TAi;y input cycle time 1000. 
TAiy input high-level pulse width 
TAiy input low-level pulse width 
















Timer A input (External trigger input in one-shot pulse mode) 


Symbol | Parameter 


TAiy input cycle time 





TAiy input high-level pulse width 
TAiy input low-level pulse width 





Timer A input (External trigger input in pulse width modulation mode) 








Timer A input (Up-down input in event counter mode) 


Taio np ple tne 5000 || ns 
TAiour input high-level pulse width | 200 | | ns | 
TAiout input low-level pulse width 2500 


TAiout input setup time 
th(ty,-uP) TAiourt input hold time 
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Timer B input (Count input in event counter mode) 
Limits 
Min. Max. 
tera) [Tein input cycle time (one edge count) 250 


tw(TBH) TBiin input high-level pulse width (one edge count) 125 
tw(tBL) TBiin input low-level pulse width (one edge count) _ . 125 


tcc(TB) | TBijn input cycle time (both edges count) . 500 


Symbol Parameter 

































































tw(TBH) TBi\y input high-level pulse width (both edges count) 250 





























tw(teBL) TBiy input low-level pulse width (both edges count) 250 


Timer B input (Pulse period measurement mode) 





Parameter 











tc(tB) TBiy input cycle time 

















tw(tBH) TBiy input high-level pulse width 

















tw(7+BL) TBijy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 
tc(TB) TBijn input cycle time 


TBiy input high-level pulse width 
TBi input low-level pulse width 














A-D trigger input 


Symbol Parameter 

















tc(apD) ADrrg input cycle time (minimum allowable trigger) 











twiaDL) ADtre input low-level pulse width 








Serial I/O 


Parameter 








te(ck) CLKj input cycle time 








twicKkH) CLKj input high-level pulse width 





twickL) CLKj input low-level pulse width 














TxDj output delay time 
a 5 
TxDj hold time 
tsy(p—c) RxDj input setup time 











RxDj input hold time 





External interrupt INTj input 


Parameter 














tW INH) INT; input high-level pulse width 




















tw(INL) INT; input low-level pulse width 





ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


M37702E2LXXXGP 
M37702E2LXXXHP 


PROM VERSION of M37702M2LXXXGP,M37702M2L XXXHP 





SWITCHING CHARACTERISTICS (Vcc=2. 7~5. 5V, Vss=0V, To=25C, (Xi) =8MHz, anes otherwise noted) 
Single-chip mode 


Limits 


Port P8 data output delay time 


a 
x 


Ww 
i=) 


W 
Lo) 
i) 


Ww 
io) 
Oo 


8 
oO 
oO 


Ww 








Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
E) 











oF 
Oo 
—, 

W 

oO 













Port P1 floating start delay time (BYTE=“L”) 
ALE output delay time 
ALE pulse width . 


—_—s 
Oo — 
oO oO 





— 


20 


3 
” 


ol ol 








Fig. 5 


2 s 
oO;oO 








¢1 output delay time 0 
th(e—poa) Port PO address hold time 50 






Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 





50 
Port P1 floating release delay time (BYTE=“L”) 50 





Port P1 address hold time (BYTE="H”) 
E pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Parameter Test conditions 


td( poa—e) Port PO address output delay time 


Port P1 data output delay time (BYTE=“L”) 


toxz(e—p1z) | Port P1 floating start delay time (BYTE=“L”") 











td(p1a—eE) Port P1 address output delay time 


td(p1a—ace) | Port P1 address output delay time 
td(e—p2aQ) Port P2 data output delay time 




















tpxzZ(e—p2z) | Fee P2 floating start delay time 


td(p2a—e) Port P2 address output delay time 


td(p2ea—ace) | Port P2 address output delay time 


¢, output delay time 
th(e—Poa) Port PO address hold time 


thcaLe—p1a) | Port P1 address hold time (BYTE=“L”) 




















thce—piq) | Port P1 data hold time (BYTE=“L”) 


Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
Port P2 address hold time 
Port P2 data hold time 
tpzx(e—p2z) | Port P2 floating release delay time 
BHE hold time 
R/W hold time 
E pulse width 














Fig.5 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf te 
Single-chip mode 
t(Xiw) 
E 
ag tdie—Pog) 
Port PO output x 
tsu(Pop—e) — 
Port PO input the—pop) 
td(e—Pra) 
Port P1 output |X 
tsu(P10—e) 
pe 
Port P1 input a thie—prp) 
aay tdi e—p2q) 
Port P2 output B. 
tsu(p20—e) 
—_— 
Port P2 input Le thie—p20) 
nally td(e—psa) 
Port P3 output D. 
l 
tsu(p30—e) = 
; 
Port P3 input A thie—pap) 
Port P4 output Xx 
tsu(pao—e) 
—— 
Port P4 input es thie-pap) 
nay tdie—Ppsa) 
Port P5 output xX 
tsu(pso—e) -— 
Port P5 input ze th(e—psp) 
td(e—P6a) 
Port P6 output |X 
tsu(P6o—e) == 
Port P6 input thie—pep) 
Ed td(e—P7Q) 
Port P7 output xX 
i 
tsu(p7D—) 
Port P7 input x thé 
E—P7D 
ag td(e—psa) 
Port P8 output xX 
tsu(psp—E) pee 
Port P8 input a thie—psp) 
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TAin input 


tw(uPH) 


TAigur input 


TAiour input 
(Up-down input) 


In Event counter mode 


TAiy input 
(When count by falling) 


TAtn input 
(When count by rising) 


tw(TBH) 


TBin input 


ADrrac input 


CLK; 


TxD; 


RxD, 


INT] input 


thi Tin7 UP) tsu(uP—Ty) 


to(tB) 


twiTBL) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


1 


mi 
~ 


RDY input 


tsu(rpy—¢,)}  th(g1—roy) 


(When wait bit = “0”) 


$y 


* mi 
~ 


RDY input 


tsu(roy—¢,)|_ th(¢1—Rby) 


(When wait bit = “1” or “0” in common) 


$y 







t _ 
tsu(HoLD— 4;) h(¢;—HOLD) 


HOLD input 





td(¢;—HLDA) td(4,—HLDA) 


HLDA output 


Test conditions 

* Voc = 2.7~5. 5V 

* Input timing voltage * Vi, = 0. 2Vec, Vin = 0. 8Vec 
* Output timing voltage - Vow = 0. 8V, Von = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


(Xin) 


¢ 
tdie—¢,) die—s,) 
| See 


Ei 









Port PO output 


Taos 
(Ag~Az) 
; thi ace -P1A) tpzx(€—P1z) 
| ii ae 





(BYTE="L") d(P1A—ALE) 


(Ag~A\s5) 
(BYTE="H") 


Port P1 input 


fam 2 
a tsu(p1p—e) poms thie—pipD) 


a all lei tozx(e—p2z) 


nt eno Cree Kom DX saem | ----- Cio 
(Aye~Ao3/Do~ D7) | 1) Agee tsu(p20-€) 

tdip2a—ace) || tdie—r2a) —ss| thie—p2o) 
Port P2 input 


tW(ace) 
=a tdiace—e) 
Port P3, output 
(ALE) 


Patra cap ome 5 
(BHE) 


tdin/w-e) 


th(e-BHeE) 


thie-rw) 


Port P39 output 
(R/W) 


Test conditions 

* Voc=2. 7~5. 5V 

* Output timing voltage ° Vo. =0. 8V, Von=2. OV 

* Ports P1, P2 input : Vit=0. 16Vec, Vin=0. 5Vec 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
t(Xiw) i 
%) 
td(e—¢;) t 
= d(e—4,) 
E 


4g 
i 


re aan aD 
(Ap~Az) ; 

th( ace—P1a) tozx(e—P1z) 
sas =e AS ll 
(Ag~Ay5/Dg~Dy5) Address {Data ‘Address, 


(BYTE="L") ae AN oe 


tg (P1A—ALE) 


es 
ab 






td(e—P1a) 





thie—p 1a) tdipia—e) 
Port P1 output wt 


pel 
eas nS Gar aD 
(BYTE=“H") 


— thie—p1D) 
Port P1 input 


th(ace—p2a) tozx(e—P2z) 
= ey 
Port P2 output -— ss ae 


(Ayg~Az3/Do~D7) ea), eo Address 
( po 
pei thie—p2p) 


— ALE) 
Port P2 input 
; ‘1 
tdiace—e) 
Port P3, output 
(ALE) 






a eee 


— E) 
thie- BHE) 
oe cone sananeee ee ey 
(BHE) 
tdi ryw—e) 
ties R/W) 


Port P3, output 
(R/W) 


Test conditions 

* Vec=2. 7~5. 5V 

- Output timing voltage * Vo. =0. 8V, Vox=2. OV 

* Ports P1, P2 input —: V)_=0. 16Vec, Vin=0. 5Vec 
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M37702E4FS are respectively M37/702 E4AFS ; M37/702 E4 B FS 


unified into M37702E4AXXXFP 
and M37702E4AFS 


DESCRIPTION 

The M37702E4AXXXFP and M37702E4BXXXFP are single- 
chip microcomputers designed with high-performance 
CMOS silicon gate technology. These are housed in a 80-pin 
plastic molded QFP. The features of these chips are similar to 
those of the M37702M4AXXXFP and M37702M4BXXXFP ex- 
cept that these chips have a 32K-byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business, and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, these chips are suitable for small quantity 
production runs. The M37702E4AFS (16MHz version) and 
M37702E4BFS (25MHz version) with erasable ROM that are 
housed in a windowed ceramic LCC are also provided. 

The differences between M37702E4AXXXFP and M37702 
E4BXXXFP are the external clock input frequency as shown 
below. Therefore, the following descriptions will be for the 
M37702E4AXXXFP unless otherwise noted. 


Type name External clock input frequency 
M37702E4AXXXFP 


M37702E4BXXXFP 


The M37702E4AXXXFP has the same functions as the 
M37702E2AXXXFP except for the memory size. 




















FEATURES 

r } Number of basic instructions Skea ee aS Seb wea Mere M0lerad brid Oeiein oy fe eee Seis 103 

e Memory size 2) 91 @) \\) eee 32K bytes 
RAM-cicc rece cee crete tee t tenes 2048 bytes 

@® Instruction execution time 

M37702E4AXXXFP 

(The fastest instruction at 16 MHz frequency):::------ 250ns 

M37702E4BXXXFP 

(The fastest instruction at 25 MHz frequency)--"--::-- 160ns 
e Single power supply pears sy eeintan ao wale ae egamereaas was 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

a yoale esd ig dterera.p fi psele Sie cjabieS eae Got aa aenals ai aecaley OO Gute a Binal ia Sicatey 6O0mW (Typ.) 
© Interrupts 61 Se e006 Sed ese Gin Hise G8 OTIS, Ces 0 6a se ee euaielererere eS % 19 types 7 levels 
e Multiple function 16-bit timer::: ssc cc eee eee 
@ UART (may also be synchronous ) Sede viSaieiok exes ektaae Sami wees ote 
@ 8-bit A-D converter <ccccccccc terre ere eee 
@ 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) 
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PIN CONFIGURATION (TOP VIEW) 


CTSo/RTSo 


** P8,/CLKo 
** PB3/TxDo 


° 
a) 

x< 
a 
~N 

nN 
ioe) 
a 
{ 
66 


[S]+> P7,/AN, 
1B} +> PBo/ 


[Ss] 

~~ 
D> 
on 


P79/ANo +> L! J 
P67/TB2i\y +> 


[64] <-> P8,/CTS,/ATS, 
+> P8./CLK, 

+> P8./RyD, 

61] +> P8,/T,D, 

160] +> P09/Ag 


-_ 


P6,/TA4 
P6o/TA4oy 
P5,/TA3 
P5¢/TA8qy 
P5./TA2 
P54/TA2oy 
P5,/TAL 





+> P14/Ag/Dg 

iad Plo/Ai9/D49 
3] +> P19/A,4/D1; 
48] > P14/A;0/D42 
> P15/A13/D13 
46 | ad Pig/Ay4/D14 
- P17/Ais/Dy5 
a] +> P25/Ar6/Do 
+> P2,/A,7/D, 
+. P22/A18/D2 
<< P23/A19/D3 


ddxxxdvacoZZew 
ddXxxVvac0ZZewn 


P4./VPA* ++ [19] 

P4;/VDA* +> 

P4,/QCL* +> 
P4,/MX* +> 
P4,/RDY +> 


w 
[S| 

[ary 

wo 


P26/Ao0/ Dg > 
P25/Aa4 /Ds5 + 
P24/A20/Da +* [8] 


Outline 80P6N- 
ip m 


*: Used in the evaluation ch 





APPLICATION 

Contro! devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


NOTE 
(1) Do not use the M37702E4AFS and M37702E4BFS for 


mass production, because these are tools for program 
development (for evaluation). | 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 


The M37702E4AXXXFP and M37702E4AFS satisfy the tim- 


ing requirements and the switching characteristics of the 
former M37702E4-XXXFP and M37702E4FS. 
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indinosinduy| indyjno/jndu| indinosinduy = 3yndjnoyjnduy_— ndinoyndu| iNndjnosindu} indjnosindy| indjnosynduj} wndjnosyndu; 
——— = —Y@OOOHHGOHHED DQDHOODHODD VHAODOHDOHOOH HQHOHH QHQWVOOHD DODHHNODOHOD OOOOOHOOOD DOWD DODODDD PHOPDOSO—— 















Lon in a 


(g)leueAnuog G-v (6)0 LYV/N (9L)O@L soy (9L)OVL Jou, 
| (6)kauvn | [ (gi)rar sours | | (91) Evi seus oe 802 seikg Ze 
WOWd 

(91)ZaL Jw (QL)ZVL sou 


Jaw) Bopyoyen, (QL)EVL 4OWIL 
(QL) PWL JOT 





(Odd) 





Address Bus 





Data Bus( Even) 


Data Bus 
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BY a o o ~ 3 - ce o a rad 2 a YO x< 2 
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: g Ete & 
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FUNCTIONS OF M37702E4AXXXFP 
| 








Number of basic instructions 


M37702E4AXXXFP, M37702E4AFS 250ns (the fastest instruction at external clock 16MHz frequency) 
( 
) 





Instruction execution time 
M37702E4BXXXFP, M37702E4BFS 160ns (the fastest instruction at external clock 25MHz frequency) 
PROM 32K bytes 


Memory size 
RAM 2048 bytes 
PO~P2, P4~P8 8 -bitX 8 


Input/Output ports 
Dene P3 4 -bitX 1] 








TBO, TB1, TB2 


Serial 1/O (UART or clock synchronous serial 1/O) X2 





saateancrunee ee ee 
16-bitX 3 








A-D converter 8 -bitX 1 (8 channels) 
Watchdog timer 12-bit X 1 
3 external types, 16 internal types 
Interrupts 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator 
Supply voltage 5 V+10% 


Power dissipation 60mW(at external clock 16MHz frequency 


<. Input/Output voltage 5V 
Input/Output characteristic 
Output current 5 mA 


Memory expansion Maximum 16M bytes 


Operating temperature range —20~85° 
Device structure CMOS high-performance silicon gate process 


Back M37702E4AXXXFP, M37702E4BXXXFP 80-pin plastic molded QFP 
: acKkage 
g M37702E4AFS, M37702E4BFS 80-pin ceramic LCC (with a window) 








TAO, TA1, TA2, TA3, TA4 16-bitX 5 
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PIN DESCRIPTION (NORMAL MODE) 


Voc, Vss Power supply Supply 5 V+10% to Vcc and 0 V to Vgs. 
CNVss CNVsgg input 


Reset input 


Xin Clock input 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xj, pin 
Clock output Output and the Xour pin should be left open. 


Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 








This pin controls the processor mode. Connect to Vss for single-chip mode. 





To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 


















BYTE Bus width selection input 


AVcc, AVss_| Analog supply input 
_ Vrer Reference voltage input 


PO 9~ P07 I/O port PO 1/0 In single-chip mode, port PO becomes an 8-bit !/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
; Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 

Pio~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 

memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
. (Dys~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 
if the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A,53~Ag)is output. 

P29~P27 1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Do) is input or output when E output is “L” and an address(As3~Aje) is 
output when E output is “H”. 

P39~ P33 1/0 port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

P4o 1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P4. can be program- 
med for ¢; output pin divided the clock to Xiy pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 

P59~P57 1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2, and timer A3. 

P69~P67 I/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as !/O 
pins for timer A4, external interrupt input INTo, INT;, and INT, pins, and input pins for timer BO, timer B1, 
and timer B2. 

P79~P77 I/O port P7 1/0 

P89~P87 I/O port P8 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as RyD, | 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 








Power supply for the A-D converter. Connect AVcc to Vcc and AVssg to Vsg externally. 








This is reference voltage input pin for the A-D converter. 


x 2 
; $ 
+ 





























‘ 
U 
ay 
NN 











In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 
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PIN DESCRIPTION (EPROM MODE) 


Power supply Supply 5 V=10% to Vec and 0 V to Vss. 








Vpp input Connect to Vpp when programming or verifing. 














Vpp input Connect to Vpp when programming or verifing. 








aD 
m 
n 
m 
—- 


Reset input Connect to Vss. 








Clock input Connect a ceramic resonator between Xj and Xour. 





Clock output 





Enable output Keep open. 


AVcc, AVss_ | Analog supply input Connect AVcc to Vec and AVsgzg to Vgs. 
VREF Reference voltage input Connect to Vsg. 


~PO0, Address input (Ag~A7) Port PO functions as the lower 8 bits address input (Ap~Az). 

















~P17 Address input (Ag~Ajs5) Port P1 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 


~P2, Data |/O (Dp~D7) Lae Port P2 functions as the 8 bits data bus (Dp~D7). 
o~ P33 Input port P3 Input Connect to Vgs. 
4o~P4, Input port P4 Input Connect to Vss. 


50~P57 Control input P5o*,P5;, and P5» functions as PGM*, OE and CE input pin respectively. 
Connect P53, P54 and P5s to Voc. Connect P5g to Vss in 256K mode and to Voc in 1M mode. Connect P57 to 
Vss. 


P69~ P67 Input port P6 Connect to Vss. 
Input port P7 Connect to Vss. 
Input port P8& Connect to Vss. 


* ‘It is available in 1M mode. 





dU 
oo 
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BASIC FUNCTION BLOCKS 
The M37702E4AXXXFP has the same functions as the 


M37702M2AXXXFP except for the following: 
(1) The built-in ROM is PROM. 

(2) The ROM size is 32K bytes. 

(3) The RAM size is 2048 bytes. 


Therefore, refer to the section on the M37702M2AXXXFP. 


MEMORY 


The memory map is shown in Figure 1. 


0000001. 000000,, 
00007F\, 
000080). 
Bank 016 
internal RAM Peripheral devices 
2048 bytes ~ control registers 


OOFFFFi6 


01000016 
00087F 16 


Bank Ti6 


O1FFFFi¢ 


Interrupt vector table 


eeane%e Internal PROM 


32K bytes 


Bank FE. 


FEFFFF¢ 
FF0000i¢ 


Watchdog timer 
Bank FF,¢ | DBC 
OOF 
OFFD6i¢ \ BRK instruction 
\ 
[| SCRESET. Ci 


FFFFFFi¢ OOFFFFi¢ . OOFFFE.., RESET 





Fig. 1 Memory map 
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EPROM MODE 

The M37702E4AXXXFP features an EPROM mode in addition 
to its normal modes. When the RESET signal level is “L”, the 
chip automatically enters the EPROM mode. Table 1 shows 
the correspondence between pins and Fig. 2 shows the pin 
connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for the 
EPROM that is equivalent to the M5M27C256K, and the other 
is the 1M mode for the EPROM that is equivalent to the 
M5M27C101K. 256K mode is selected when port P5g, is set 
to “L” level, and 1M mode is selected when it is set to “H” 
level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5z, 
CNVsg and BYTE are used for the EPROM (equivalent to the 





Table 1 Pin function in EPROM mode 

























irre wer asex [ Mamarcionk 
CNVss, BYTE vi 
Vss 





Races input | Ports PO, P1* Ao™Ai4 








Data 1/O Port P2 Pox D, 
eer re, OE 
| PGM 





: In 256K mode, connect P17 and P5q to Vcc. 


M5M27C256K or M5M27C101K). When in this mode, the 
built-in PROM can be written to or read from using these pins 
in the same way as with the M5M27C256K or M5M27C101K. 
This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 0000,,~ 7FFFi, in 256K mode, and 
address 18000,,~1FFFF,, in 1M mode. 

Connect the clock which is either ceramic resonator or exter- 
nal clock to Xj pin and Xoyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 

For EPROM version can be written to or read from repeated- 
ly, so that 1M mode should be recommended to write faster. 
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+> P77/AN7/ADrrc - 


++ P72/AN2 
++ P73/AN3 
> P74/AN,4 
++ P75/ANs 
+> P76/AN6 
Bl-- P&/CTSo/RTSo 
ane P8,/CLKo 
+ P83/T,Do 


iS] 
~ 


i= 
A 

tad 
ac 
~ 

N 
© 
a 
' 
Ee 


[64] <> P8,/CTS,/RTS, 

+> PB/CLK, 
P6_/TB1,y +> (3) +> P85/R,D, 
Ps/TBOn 14 61] «> P87/TxD, 


fS]<+ P7,/AN, 


3] 
3] 
eI 
8 


Equivalent to P6,/TA4iy +> L8. 


M5M27C256K 
Equivalent to 
M5M27C101K 


Equivalent to 
M5M27C256K ———————— P§o/TAlour + L'5] 


dIXXXVVACOLLEN 


Equivalent to 


TAI 117 
PSo/TA0our > 112] M5M27C256K 


eH | 47 
I ———ao 
Equivalent to. 46} +> PIg/Ay4/Di4 AY 
M5M27C101K 45] > P17/Ay6/D45 
Z 44] oo P29/A16/Do ———$—(0) = 
43 | -~ P2,/Ay7/D, C15) 
Py 42] +> P2,/A1g/D> ——————02) Equivalent to 
P4,/RDY <> 41] +> P23/Ay9/D3 —————“o> M5M27C 101K 


w 
~~ 


fa 
& 
P26/A22/De + [8] 


P33/HLDA + 
P32/ALE 7+ 
P3,/BHE + [&] 
P39/R/W - [8] 
P27/A23/D7 * 
P2s5/A21/Ds + 3 
(04) P24/A20/Dz as S| 


w” 
7 . . 
* ° Connect to ceramic oscillation circuit. 


Outline 80P6N-A > ! Itis used in the EPROM mode. 





Fig. 2 Pin connection in EPROM mode 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading a 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Aj>~A;;) to be read, and the 
data will be output to the I/O pins Dp ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ayg~Aj;s5, and the data to be 
written is input to pins Do~D7. Set the PGM pin to “L” level 
to being writing. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cm7?. 
(M37702E4AFS, M37702E4BFS) 


Writing operation 

To program the M37702E4AXXXFP, first set Voc=6V, Vpp= 
12.5V, and set the address to 18000,¢. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Vec= Vpp=5V( or Voc=Vpp=5.5V). 


Table 2 I/O signal in each mode 












Output Vin 
Disable Vie 5V 
Vin 


Programmin 
Sy ova | Vie | Vin [12.5v) 6V 
Verify 
Program Disable] Vin_| Vin LM (2 5v| 6V_ Floating 


Note 1 : An X indicates either V,_ or Vin. 





Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25£5C, Voc=6V40. 25V, Vpp=12. 5t0. 3V, unless otherwise noted) 


Parameter 


Test conditions 











Address setup time 











OE setup time 





Data setup time 

Address hold time 

Data hold time 

Output enable to output float delay 














Voc setup time 





Vpp setup time 
PGM pulse width 
PGM over program pulse width 






































CE setup time 
Data valid from OE 
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AC waveforms 





PROGRAM | VERIFY 
Vin 
Vin 
Vin/Von — 
ane es 
Vee pa aa 
Voc is 
Vecot1 
Vcc 
_ Vin 
CE 
. it 
Vin é 
rau 
a ~ 
OE OPW 
Vin 
Test conditions for A.C. characteristics 
j Input voltage : V,_=0.45V, V\,=2.4V 
Programming algorithm flow chart . i 
: Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 
START “L’=0.8V, “H"=9V 
ADDR=FIRST LOCATION 
Vcec=6.0V 
Vpp=12.5V 
Ce 
X=X+1 
<in28 > YES 
FAIL | DEVICE 
FAILED 
PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR”? 
YES 
Voc™=Vpp= *5.0V 
VERIFY FAIL _| DEVICE 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *4.5V <Voc=Vpp<5.5V 
3—64 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj,,) to be read and the 
data will be output to the I/O pins Do ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Aj4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to being writing. 


Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W-s/cm’?. 
(M37702E4AFS, M37702E4BFS) 





Writing operation 

To program the M37702E4AXXXFP, first set Voc=6V, Vpp= 
12.5, and set the address to “0”. Apply a 1ms write pulse, 
check that the data can be read, and if it cannot be read 
OK, repeat the procedure, applying the 1ms write pulse 
and checking that the data can be read until it can be read 
OK. Record the accumulated number of pulse applied (N) 
before the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when ail addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.25V). 


Table 3 I/O signal in each mode 


Mode 





Read-out 


Output 
Disable 





Programming Anne 
utpu 
Verify e 


Program Disable} Vi 


Note 1 : An X indicates either V,, or Vin. 





Vin 


Floating 


Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5°C, Veoc=6VX0. 25V, Vpp=12. 5£0. 3V, unless otherwise noted) 


Symbol Parameter 





Address setup time 





OE setup time 





Limits 





Test conditions 














Data setup time 











Address hold time 














Data hold time 


Output enable to output float delay 


























Vcc setup time 














Vpp setup time 








CE initial program pulse width 


CE over program pulse width 


| toe _| Data valid from OE 
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AC waveforms 


Vin eee eee coe 


Vin 


Vie/Vou -—? DATA OUTPUT 
DATA (| DATA SET ) . 


Y, 
Vit/Vor 


Let 1 


< 
3 
3 
o 
< 
fe) 
+8 
LE 
3 
Oo 


re) < 
m Q 
<< ss 
r =z oO 
= 
Qa 
n 


Programming algorithm flow chart 


START 


ADDR=FIRST LOCATION 


Voc=6. OV 
Vpp=1 2. 5V 






X=0 


PROGRAM ONE PULSE OF Ims 
Ss 
PROGRAM/VERIFY FAIL {DEVICE 
ON FAILED 


E BYTE 







PASS 
PROGRAM PULSE 
OF 3Xms DURATION 


INCREMENT ADDR}—{_ LAST ADDR ? 


YES 
TE 






Voc=Ver= *5 OV 


VERIFY FAIL DEVICE 
ALL BY FAILED 


PASS 


DEVICE PASSED *4.5V<Voc=Vpp<5.5V 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 


and paste disturb the passage of ultraviolet rays and may’ 


affect badly the erasure capability (ceramic package 
product). | 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 

(5) The programmable M37702E4AFP and M37702E4BFP 
that are shipped in blank are also provided. For the 
M37702E4AFP and M37702E4BFP, Mitsubishi Electric 
corp. does not perform PROM write test and screening in 
the assembly and processes. To improve reliability after 
write, performing write and test according to the flow be- 
low before use is recommended. 


Writing with PROM writer 


(Caution) 













Screening 





(Leave at 150°C for 40 hours) 


Verify test with PROM wriwer 





EE ee ated ean aa SE at ke GalNme cE ™~ 
| Function check in target device | 
L_ aww EEE EP aware GP ae EE CER? TE GS =e —_ 
Caution : Never expose to 150 © exceeding 100 hours. 


ADDRESSING MODES 

The M37702E4AXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E4AXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Piease send the following data for writing to PROM. 

(1) M37702E4AXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 


V; 
Input voltage PO0p~P07, P1p~P17, P29~P27, P3y>~P3s, 
Vi Boe P49~P4,, P5o~ P57, P6~P6r, P79~P77, 
P89~P87, Veer, Xin 





Output voltage POg~P07, P19o~P17, P29~P27, P39 ~P33, 
P4o~P4,, P5o~P5y, P69~ P67, P79~P77, 


P89~ P87, Xout, E 


| Pg | Power dissipation 
Operating temperature 
Storage temperature 


Note 1. Input voltage for CNVsg and BYTE pins is 13V in writing to PROM. 





RECOMMENDED OPERATING CONDITIONS (Vcc=5V+10%, Ta=—20~85C, unless otherwise noted) 


Parameter 


High-level input voltage P0O9~P07, P89~P33, P49 ~P4;, 
P59~P57, P6ég~P67, P79~P77, 
P8 ~P87, Xin, RESET, CNVsgs, 
BYTE 

High-level input voltage Plg9~P17, P29~P27 
(in single-chip mode) 

High-level input voltage Pig~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 





Low-level input voltage PO 9~P07, P389~P33, P49~P47, 
P5o~P57, P69~P67, P7o~P77, 
P89~ P87, Xin, RESET, CNVss, 
BYTE 


Low-level input voltage P19~P17, P29~P27 





(in single-chip mode) 





Low-level input voltage P1lp~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 





High-level peak output current PQg~P07, Plo~P17, P2o~P2z, 
P39~ P33, P4p~ P4,, P5o~ P57, 
P69~ P67, P7o~ P77, P8o~ P87 


High-level average output current POg~P07, Plo~P17, P29~P27, 

| lonvavg) P3p~P33, P4g~P47, Pip~P5z, 
P69~P67, P7o~P77, P89~P87 

Low-level peak output current POg~P07, Plo~Pt17, P2o~P2z7, 
lot(peak) P39~P33, P4o~P47, P5o~P5z, 
P69~P67, P7o>~P77, P89~ P87 


Low-level average output current POo~P07, Pig~P17, P29~P27, 
lox avg) P39~ P33, P49~P4z, P5o~P57, 
P69~ P67, P7o~P77, P89~P87 


* | M37702E4AXXXFP, M37702E4AFS 
(Xin) External clock frequency input 
M37702E4BXXXFP, M37702E4BFS 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo-(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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M37702E4AXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xiny)=16MHz, unless otherwise noted) 


Symbol Parameter Test conditions 


High-level output voltage POQ9~P0;7, P1gp~P17, P29~P2z, 
P30, P3,, P33, P49~P4z, 
P59~ P57, P6p~P6r, P7o~P77, 
P89~ P87 

High-level output voltage PO9~P07, Pig~P17, P29~P27, 
P39, P31, P3, 











lon= —400u A 














lon=— 10mA 
lon= — 400A 
lon=—10mA 
lon= — 400A 








High-level output voitage P3, 





High-level output voltage E 





~ 
Db 


Low-level output voltage PO 9~P07, Pl9p~P17, P29~P27, 
P30, P31, P33, P49~P4z, 
P5o~P57, P69~P67, P7o~P77, 
P8~ P87 

Low-level output voltage POo~P07, P19p~P17, P29~P2;, 


V lo, =2mMA 
Ok P39, P31, P33 eh 


lor =10mA 





N 
< 

















lop =10mA 
lop=2mA 
lop =10mA 


lop=2mA 





VoL Low-level output voltage P32 


VoL Low-level output voltage E 


Hysteresis HOLD, RDY, TAOijw~TA4in, TBOin~TB2in, 
Vr+—Vy— 


Vr+—V7— | Hysteresis RESET 0.2 
1 


Vr+—Vr— | Hysteresis Xin 0. 

High-level input current POg~PO7, P1o~P17, P29~P2z, 
P39~P33, P4g~ P47, P5o~ P57, 
P69~P67, P7o>~P77, P8g¢~ P87, 
Xin, RESET, CNVgs, BYTE 

Low-level input current POg~P07, P1p~P17, P29~P2z, 
P3p~P33, P4a~P47, P5p~P5r, 
P6y~P67, P7>~P77, P8>~P87, 


Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 


————— 


Nhe 





V;=0V 














(Xin) =16MHz, 
In single-chip mode {| square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 








Power supply current 






































Symbol Parameter Test conditions 
_ Resolution Vrer= Vcc 


ne Absolute accuracy Vrer= Veco 
Ladder resistance Vrer= Voc 
LADDER 


Conversion time 



































$n 





Reference voltage 




















Analog input voltage 








MITSUBISHI MICROCOMPUTERS 


 M37702E4AXXXFP,M37702E4BXXXFP 
M3770 2E4AF S,M37702E4BF S 


PROM VERSION of M37702M4AXXXFP,M37702M4BXXXFP 





M37702E4BXXXFP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =25MHz, unless otherwise noted) 


High-level output voltage POo~ P07, P1o~P17, P29~P27, 


Typ. 
P30, P3;, P33, P4o~P 4, 
P59~P57, P69~P67, P79~P77, 
P89~ P87 


Vou 
' | High-level output voltage POg~ P07, P1p~P17, P29~P2;7, 
V lon= — 400A : 
Vv High-level output voltage P3 ola lL | ss 
igh-level output voltage 
OH g p g 2 lon =—4002A i 
le lon=—10mA . 
Von High-level output voltage E 
lon= — 400A : 
Low-level output voltage POg~P07, Pl9o~P17, P29~P27, 
P3o, P3;, P3s3, P4)~ P4,, 
Vor 
P5o~ P57, P6o~ P67, P79~P7z, 
P8 9~ P87 
Vor 
Voi 
Vo 





Unit 






aS 
N WwW 
















Biwi tk 
CO; |oO]— 









ae 


























loL= 10mA : 


= lop =10mA 
Low-level output voltage E rar 
on <M 
Vr 
INTo~INTo, ADtra, CTSo, CTS), CLKo, CLK, 


| Vrt—Vr- [Hysteresis Xm 
High-level input current POg~P0O7, P1op~P17, P29~P27, 

P3p~ P33, P4g~P47, P59~P5z, 

P69~P67, P7>~P77, P89~P87, 

Xin, RESET, CNVgsg, BYTE 
Low-level input current POg~P07, P1p~P17, P29~P27, 
P39~P33, P4g~P47, P5g~P57, 
= P6y~P67, P7>~P77, P8o~P8;, 
Xin, RESET, CNVgs, BYTE 


Low-level output voltage P3, 


Low-level output voltage POp~P07, P19~P17, P29~P27, 
lop =2mA 
P3o, P3;, P33 


















Hysteresis HOLD, RDY, TAO w~TA4in, TBO w~TB2n, 


) 
N 
Ss 
L/D 
< 





2] [| o5 | ov 













fo) 
—s 
= 
w 
< 


















on 
< 
> 











————_—-—...|_- 


















RAM hold voltage When clock is stopped. 
f( Xi) =25MHz, 
square waveform 

Ta=25 when clock 


is stopped. 







In single-chip mode 





output only pin is 







| Power supply current 
cc Pply open and other pins 


are Vsg during reset. 





















Symbol Parameter Test conditions 

















— Resolution Vrer= Voc 





























= Absolute accuracy Vrer=Vec 
Riapper | Ladder resistance Vaer=Voc 5 


tconv _ | Conversion time 9.12 


Reference voltage 
Analog input voitage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) 
External clock input 


Limits 
Parameter 

















External clock input cycle time 

















External clock input high-level pulse width 











External clock input low-level pulse width 











External clock rise time 

















External clock fall time 








Single-chip mode 
Limits 
Symbol Parameter 











tsu(pop—e) Port PO input setup time 














tsu(e1D—e) Port P1 input setup time 

















tsu(ep20—e) Port P2 input setup time 














tsu(p3p—E) Port P3 input setup time 


tsu(p4D—e) Port P4 input setup time 
tsu(psp—E) Port P5 input setup time 


tsu(p6ep—e) Port P6 input setup time 
































tsu(p7D—E) Port P7 input setup time 


—s 
© 
jo) 








tsu(psp—e) Port P8 input setup time 
th(e—Pop) Port PO input hold time 
th(e—P1b) Port P1 input hold time 


O;O;O 


th(e—p2d) Port P2 input hold time 
th(e—p3p) Port P3 input hold time 





th(e—p4p) Port P4 input hold time 














tl. 
| 


th(e—psp) Port P5 input hold time 

















th(e—pep) Port P6 input hold time 








th(e—pP7pD) Port P7 input hold time 



































O1O};/0O;}O 


th(e—psp) Port P8 input hold time 


Memory expansion mode and microprocessor mode 


Symbol Parameter 


Port P1 input setup time 


tsu(p2D—e) Port P2 input setup time 














tsu(Rrpy—¢,) | RDY input setup time 


HOLD input setup time 


th(e—p1D) Port P1 input hold time 




















tht e—p2d) Port P2 input hold time 














thi ¢,—RDyY) RDY input hold time 


HOLD input hold time 
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Timer A input (Count input in event counter mode) 


| Limits 
Symbol Parameter 





TAiin input cycle time 
TAiiy input high-level pulse width 
TAim input low-level pulse width 








Timer A input (Gating input in timer mode) — 


Limits 
Symbol Parameter 


TAijy input cycle time 
TAiy input high-level pulse width 
TAiy input low-level pulse width 
































Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 


TAiin input cycle time 
TAiy input high-level pulse width 
TAiy input low-level pulse width 




















Timer A input (External trigger input in pulse width modulation mode) 


Limits 





Parameter 




















tw( TAH) TAiin input high-level pulse width 


TAijy input low-level pulse width 














Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter 


TAiout input cycle time 


























TAiour input high-level pulse width 
TAiour input low-level pulse width 
TAiour input setup time 

TAiour input hold time 
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Timer B input (Count input in event counter mode) 


Parameter 





Limits 











TBiy input cycle time (one edge count) 
tw(TBH) TBiy input high-level pulse width (one edge count) 
tw(TBL) sl TBiyy input low-level pulse width (one edge count) 

















to(tB) TBi input cycle time (both edges count) 











twiTBH) TBiyy input high-level pulse width (both edges count) 














twitBL) TBiy input low-level pulse width (both edges count) 


Timer B input (Pulse period measurement mode) 


Symbol Parameter 





tco(TB) TBiiy input cycle time 


TBiiy input high-level pulse width 
TBijy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBiiy input cycle time 
TBijy input high-level pulse width 
TBijy input low-level pulse width 


A-D trigger input 


Symbol Parameter 









































ADrre input cycle time (minimum allowable trigger) 

















ADrre input low-level pulse width 
Serial I/O 


Parameter 








tock) CLKj input cycle time 








tw(cKH) CLKj input high-level pulse width 


TxD; output delay time 
TxD} hold time 











tsu(p—c) RxDj input setup time 








RxDj input hold time 


External interrupt INT; input 


- Symbol Parameter 


twiinH) INT; input high-level pulse width 





tWaNL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25, unless otherwise noted) 
Single-chip mode 


Symbol 


td(e—poa) 
td(e—Pp1q) 
td(e—p2q) 
td(e—p3q) 
td(e—paq) 
td(e—Psa) 
td(e—p6a) 
td(e—Pp7q) 





td(e—psa) 










Parameter 


Port PO data output delay time 
Port P1 data output delay time 
Port P2 data output delay time 
Port P3 data output delay time 
Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 





Port P8 data output delay time 


Test conditions 


Fig. 3 
















Limits 
25MHz 


it 
= 


100 
100 
100 
100 


100 
100 
100 
100 


ee) 
(o>) 
=) 
a” 














fee) 
co) 
a 
77) 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol 


td(poa—e) 
td(e—Pia) 
texz(e—P1z) 
td(p1a—e) 
tq(P1A—ALE) 


td(e—p2aq) 


tpexz( e&—P2z) 
td(p2a—e) 


td(P2a—ALE) 





td(¢,—HLDA) 
td(aLe—e) 


tW(ALe) 


td(BHE—E) 
td(R/w—e) 
td(e—4}) 
th(e—Poa) 
th(ace—p1a) 


th(e—P1a) 


tezx(e—P1z) 
th(e—P1a) | 
th( aLe—p2a) 
th(e—p2a) 
tezx(e—P2z) 
th(e—BHE) 
thce—r/w) 
tw(eL) 









Parameter 


Port PO address output delay time 


Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 





Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 
Port P2 address output delay time 








—— 
—_—_—+ 


HLDA output delay time 





ALE output delay time 
ALE pulse width 

BHE output delay time 
R/W output delay time 








¢1 output delay time 

Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE=“L”) 

Port P1 floating release delay time (BYTE=“L”) 

Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

Port P2 data hold time 

BHE hold time 
R/W hold time 
E pulse width 





Test conditions 


Fig. 3 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Symbol Parameter Test conditions 


Port PO address output delay time 


td(E—P1qQ) Port P1 data output delay time (BYTE=“L”) 


Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 


tpxz(eE—p2z) | Port P2 floating start delay time 
td( p2a—e) Port P2 address output delay time 












































Port P2 address output delay time 

HLDA output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 

R/W output delay time 

¢, output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE="L”) 

Port P1 data hold time (BYTE=“L") | 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 

Port P1 address hold time (BYTE="H”) 

Port P2 address hold time 

Port P2 data hold time 


tpzx(e—p2z) | Port P2 floating release delay time 




























































































thce—BHE) BHE hold time 











then R/W hold time 











E pulse width 





Fig. 3 Testing circuit for ports PO~P8, ¢, 
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ey tdie—pog) 
Port PO output |X 
tsu(pop—e) 
— 
Port PO input - Ea th(e—Ppop) 
aaa td(e—Piq) 
Port P1 output |X 
tsu(P1D—e) — 
Es 
Port P1 input thie—p1p) 
nag tdie—p2q) 
Port P2 output XX 
tsu(p20—€) pa 
i 
Port P2 input th(e—P2p) 
ea tdie—paq) 
Port P3 output BD. 
tsu(p3p—e) — 
Port P3 input La thie—psp) 
=) td(e—-paq) 
Port P4 output x 
tsu(pap—e) — 
Port P4 input i thie—Pao) 
| nity td(e—Psa) 
Port P5 output X 
tsu(pso—e) _— 
Port P5 input aa thie—Ps0) 
naa td(e—Pp6q) 
Port P6 output Xx 
tsu(p6D—e) . 
— 
Port P6 input ea th(e—pep) 
aa td(e—p7aq) 
Port P7 output x 
tsu(P7D—e) pease 
; 
Port P7 input | \ th(e—p7p) 
ney tdie—psa) 
Port P8 output x 
tsu(pso—e) paket 
Port P8 input - thie—pap) 
=e PR : 
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teita) 


twiTaH) 


TAin input 





tw TAL) 





tc(up) 


tw(uPH) 








TAioyr input 


TAiout input 
(Up-down input) ( 


In Event counter mode 


TAin input 


(When count by falling) 
[re a ee 

TAin input 7 

(When count by rising) 


to(1B) 





twiteH) 


TBiy input | 








ADrrc input 








te(cK) 


twickH) 


CLKj 





TxDj 


RxDj 


INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


py 


m| 
~ 





RDY input 


tsu(apy—4,)}  th(¢1—RDy) 


(When wait bit = “0”) 


1 


RDY input 


tsu(rpy—¢,)/ thi ¢i—roy) 


(When wait bit = “1” or “0” in common) 


gy 







t = 
tsu(HOLo—4;) h(¢,—HOLD) 


HOLD input 


td(¢;—HLDA) td(4,—HLDA) 





HLDA output 


' Test conditions 
* Voc= 5 V+10% 
* Input timing voltage : V,;_=1. OV, Viy=4. OV 
* Output timing voltage > Vo_=0. 8V, Von=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1") 





tdie—¢,) 


td(poa—e) 


ie 
iN 


Port PO output 


Crewe 


-, 
~ 


oe) 









a na texz(e—piz) tezx(e—P1Z) 
Po 2) Ge) ee a 


(Ag~Aj15/Dg~ D5) 
(BYTE=“L") 
td(pia—e) 


th(e—pt1a) 


td(p1a—ALe) | 





J 





Pa es | 
(Ag~Ais) 
(BYTE=“H") — thie—pip) 
Port P1 input 
thi aLe—p2a) texz(E—P 2z) tezx(E—p2z) 
iia | — 
rn Po (“reser X= _Mee | p----- {nas 
(Aye~Az3/Do~ D7) ta A Apes tsu(p20—e) 
_ taCP2A—ALE) th, -_ 
td(e—p2q) -—| h(e—pe2p) 
Port P2 input 
twiaLe) 
—— td(aLe—e) 
Port P3, output 
(ALE) 
td(BHE—e) 
7] them one) 
(BHE) 
tdcnw—e) th(e—r/w) 
Port P39 output 
(R/W) 
Test conditions 
* Voc= 5 V+10% 
* Output timing voltage > Vo, =0. 8V, Von=2. OV 
* Ports P1,P2 input » Vir=0. 8V, Vip=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 


a ‘ 


$y | 
tdie—¢,) tac - 
cae 
th(e—Poa) Pha E) 
Port PO output od x 


m| 









(Ag~Az) 
t Sass 
‘ th(aLe—P1A) PZX(E—P1Z) 
(Ag~A15/Dg~Di5) Address {Data Data Address 
SBYYES is) — ceed 





td(e—P1Q) 
td (P1A—ALE) 





th(e—p1a) 


td(p1a—e) 
Port P1 output wi ea 
‘ean (_[[escs uf a, 
_ ct 


th’ aLe—p2a) B tpzx(e—P2z) 
Port P2 output ied 


th(e—P1p) 


i 


(Aig~Ao3/Do~D7) — Data 






tsu(p2p— E) 


oe th(e—p2p) 


td(p2a—ALe); | tq(e—p2a) 
Port P2 input 





td(aLe—e) 

Port P3, output 
(ALE) 

td(BHE—E) 

feed Li th(e—BHE) 
(BHE) | 

tdip/w—e) 

thie—R/w) 


Port P39 output 
(R/W) 


Test conditions 

* Voc= 5 V110% 

* Output timing voltage : Vo. =0. 8V, Von=2. OV 
* Ports P1, P2 input > Vii =0. 8V, Viy=2. 5V 





MITSUBISHI MICROCOMPUTERS 


M37702E4EXXXFP 





PROM VERSION of M37702M4EXXXFP 





DESCRIPTION 

The M37702E4EXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 
tures of this chip are similar to those of the M37702M4EXXXFP 
except that this chip has a 32K-byte PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The strong point of the M37702E4EXXXFP is the wide oper- 
ating temperature range. 


PIN CONFIGURATION (TOP VIEW) 


P79/ANy > U1 
P67/TB2jy +> 
P6_/TB1\y +> 
P65/TBOw +* [4] 

P6,/INT> + 

P6,/INT, ++ [6 

P62/INTo ad 
P6,/TA4in + [8] 


P57/TA3in + 


P5</TA2iy + 


P53/TATny + (14) 


+ P8,/CLKg 


[B]++ P89/CTSo/RTSo 
+ P83/TxDo 


fo) 
~ 


[3]+> P7,/AN; 
[3] +> P82/RxDo 


8] 


64} <> P8,/CTS,/RTS, 


daxxXx4avacO0Zlew 


> P8/CLK, 
+> P8./R,D, 
+> P8,/T,D, 
> P0o/Ao 
> PO, /Ay 
+ P02/Ao 
+> P0s/Ag 
> P04/A4 
+ P0s/As 
+> P06/Ag 
+. P07/Az7 
+> P15/As/Dg 
+ P14/Ao/De 
+ Pt5/Aro/Dio 





DISTINCTIVE FEATURES Por/TAw «* Li meee 
@® Number of basic instructions: ccc 103 P4,/DBC* + [ia eh Pt./A,./D,, 
@ Memory size lol) Ce en 32K bytes Pde/VPA” + [19] + Pt6/Ay4/Di4 
PA RAsi oe tise ees 2048 bytes oa a es ee 
@ Instruction execution time P4s/MX* «> +> P2,/A,7/D, 
The fastest instruction at 16 MHz frequency °--:---: 250ns oe ane am te ae 
e@ Single power supply Jes Banat ebes' wha Lee esare-giatalstese'o wl eee cany we ertierdes 5V110% Fa] 4] bs] be] by] ba] al ao errs 
@ Low power dissipation (at 16 MHz frequency) t oS eee a 
etic yaa ian aut halen maaan cuneate vind uae es 60mW (Typ.) : Gagleoddd 
@ Wide operating temperature range:::::::::::-*: —40~85°C x xy =e é é < é 
@ Interrupts ccc ee 19 types 7 levels i oe oa wv a Ni a 
@ Multiple function 16-bit timer --:-1 re 5-3 
@ UART (may also be synchronous) «rrr 2 Outline 80P6N-A 
@ 8-bit A-D converter «soot rrr 8-channel inputs * : Used in the evaluation chip mode only 
@® 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)----- 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal! 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this micro- 
computer. 
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FUNCTIONS OF M37702E4EXXXFP 


Instruction execution time 250ns (the fastest instruction at external clock 16MHz frequency) 


; 32K bytes 
Memory size 
2048 bytes 


PO~P2, P4~P8 
Input/Output ports 


TAO, TA1, TA2, TAS, TA4 16-bit 5 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 


Serial 1/O (UART or clock synchronous serial I/O) X2 


Watchdog timer 12-bitX 1 





























3 external types, 16 internal types 


interrupts 
P (Each interrupt can be set the priority levels to 0 ~ 7.) 





Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 
Power dissipation 60mW(at external clock 16MHz frequency) 


Input/Output voltage 























Input/Output characteristic 
Output current 5mA 


Memory expansion Maximum 16M bytes 














Operating temperature range 





Device structure 
Package 


—40~85'°C 
CMOS high-performance silicon gate process 
80-pin plastic molded QFP 
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PIN DESCRIPTION (NORMAL MODE) 


Voc, Vss Power supply a Supply 5 V+10% to Voc and 0 V to Vgs. 
CNVss CNV¢gzg input This pin controls the processor mode. Connect to Vss for single-chip mode. 


RESET Reset input La To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


xn | Clock input 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
Xout Clock output Output and the Xour pin should be left open. 


Output Data or instruction read and data write are performed when output from this pin is “L”. 








These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 









Enable output 


















BYTE Bus width selection input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 














AVcc, AVss 





Analog supply input 





Power supply for the A-D converter. Connect AVcc to Vcc and AVgsg to Vss externally. 















Vrer Reference voltage input This is reference voltage input pin for the A-D converter. 








In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ago)is output in memory expansion mode or microprocessor mode. 





I/O port PO 






















1/O port P1 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 


If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 

















I/O port P2 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7;~Dp) is input or output when E output is “L” and an address(Ao3~ Aig) is 


output when E output is “H”. 



























I/O port P3 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 


roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 














1/0 port P4 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4p and P4,; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P4, can be program- 
med for ¢; output pin divided the clock to Xn pin by 2. In microprocessor mode, PA always has the func- 


tion as ¢, output pin. 














1/O port P5 in addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 


pins for timer AO, timer A1, timer A2, and timer A3. 



















1/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer A4, external interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO, timer B1, 


and timer B2. 





P79~P77 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 
P89~ P87 i/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


Name 


Input/Output 


Functions 








Power supply 





Supply 5 V+10% to Vcc and 0 V to Vss. 





no 


Vpp input 





Vpp input r 


Reset input 





Clock input 





Clock output 





AVcc, AVss 


Connect to Vpp when programming or verifing. 








Connect to Vpp when programming or verifing. 








Connect to Vgs. 





Output 











Enable output | 





A-D power supply 


Output 





VREF 








POo~ PO, 


—— 





Connect a ceramic resonator between Xin and Xour. 





Keep open. 





Connect AVcc to Voc and AVgg to Vsgs. 

















Reference voltage input Input Connect to Vss. 
t 


Address input (Ag~A7) 


Input 





Plo~Pt7 


P29~P27 


P39~P33 


P4o~ P4, 


Port PO functions as the lower 8 bits address input (Ag~Az). 





Address input (Ag~A\5) 


aa 


Input 





Port P1 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 








Data 1/O (Do~D;) 
Input port P3 
Input port P4 


Control signal input 








Port P2 functions as the 8 bits data bus (Dp~Dv). 





Connect to Vgs. 
Connect to Vgs. 
P5)*, P5; and P5» function as PGM*, OE and CE input pin. - 


Connect P53, P54 and P55 to Vcc. Connect P5g to Vss in 256K mode, and to Vcc in 1M mode.Connect P57 to 








Input port P6 





Connect to Vsgs. 





Input port P7 


Connect to Vgsg. 





input port P8& 





* ‘Itis available in 1M mode. 





Connect to Vss. 
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BASIC FUNCTION BLOCKS MEMORY 

The M37702E4EXXXFP has the same functions as the The memory map is shown in Figure 1. 
M37702M2BXXXFP except for the following: 

(1) The built-in ROM is PROM. 

(2) The ROM size is 32K bytes. 

(3) The RAM size is 2048 bytes. 

Therefore, refer to the section on the M37702M2BXXXFP. 


000000). 000000: 
00007 Fi. 
0000801. 


Coren Internal RAM Peripheral devices 
2048 bytes control registers 


OOFFFFic 


010000). 
00087F i, 


Bank lis 


Interrupt vector table 


| 
internal PROM 
FE0000i 


eek pyles Timer A2 
INT» 
FEFFFF), INT, 


FFOQOO0,, INT, 
Watchdog timer 


Bank FF ig \ 


OOFFD6i¢6 \ BRK instruction 
\ Zero divide 


FFFFFFi¢ OOFFFFi¢ RESET 


UARTO receive __ 
Timer B2 








Fig. 1 Memory map 
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EPROM MODE 

The M37702E4EXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L” the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 2 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P51, P52, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 
the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
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the corresponding program algorithm. The program area 
should specify address 0000,,.~ 7FFF,, in 256K mode, and 
address 18000,,~1FFFF,, in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xiy pin and Xouyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 


Table 1. Pin function in EPROM mode 


| ——~—___| M37702E4EXxxFP | M5M27C256K | M5M27C101K 
| Ver __| CNVss, BYTE 


Voc V 
Vpp 

Vas Vv 

CE P 

p 

PGM 


Data 1/O 


Port P2 





| PGM | PHO 


* : In 256K mode, connect P17 and P59 to Vcc. 





cc 
, 
ss 
He 
’ 
52 
54 
* 
So 





Equivalent to 
M5M27C256K 


Equivalent to ° 
M5M27C101K 


Equivalent to 
M5M27C256K 


3) 


G 
Equivalent to 
M5M27C101K 


Q CO 


P7g/AN, > LL 
P67/TB2\y +> 
P66/TBling - 


PGo/INTy +> 
P69/TASout - 9 | 
P57/TASiy +> [0] 
P§6/TA3qurt + [1 
P55 /TA2iny - 
P54/TA2out - 113) 
P5a/TAly +> [14 
P§./TAI out * | 15] 
P5,/TAQiny - 116) 
P5o/TAQ our 


Fig. 2 Pin connection in EPROM mode 





'3]<> P7,/AN, 
+ P72/AN> 
++ P73/AN3 
++ P7,4/AN, 
hana P75/ANs 
> P7.6/AN6 
+ P77/AN7/ADtreG 


3] 
3 | 
I] 
EI 
EI 
=] 


dAXXxX4vAzoZZEewn 


a 


P33/HLDA + 


S| 
fe 
Ei 
3 | 
an 
[S 
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[B]++ P8o/CTSo/RTSo 


iS] 
~ 


P32/ALE +> 
P3,/BHE Se: 
P39/R/W + 
P27/A23/D7 +* 


acd P8,/CLKo 
Elbee P82/RxDo 


i 


P26/A22/De + [8] 


+ P83/TxDo 


64] +» P8,/CTS,/ATS, ———————¢ 
+> P8s/CLK, ———————+ 


61] +» P8,/T,D, 


43] +> P2,/A,7/D, —————O)p 
Ld P25/Ayg/Do ———_ (02) 
41 | <> P23/A19/D3 (03) 


3 | 


P2s5/Ao1/Ds ree 
P24/A20/D4 + [8] 











Equivalent to 


Sensors 
ay 


Equivalent to 
M5M27C101K 








Outline 80P6N-A 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading 
To read the EPROM, set the CE and OE pins to a “L” level. 


Input the address of the data (Ap~A;5) to be read, and the 
data will be output to the I/O pins D)o~ D7. The data 1/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 
Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Aj5, and the data to 
be written is input to pins Dg~D7. Set the PGM pin to a “L” 
level to being writing. 





Writing operation 

To program the M37702E4EXXXFP, first set Voc =6V, Vpp= 
12.5V, and set the address to 18000,,. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 


read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (X) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2 X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc™= Vpp=5V(or Voc=Vpp=5.5V). 


Table 2. 1!/O signal in each mode 


Mode — 


Read-out 
Output 
Disable Floating 
Programming 2 Input 
Programming 
Verify 


Data I/O 








Output 





Floating 





























Output 














Floating 


Note 1 : An X indicates either Vy. or Vyy. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vcc=6V0. 25V, Vpp=12. 5-£0. 3V, unless otherwise noted) 






































Data hold time 




















Output enable to output float delay 





Voc setup time 








Vpp setup time 
PGM pulse width 


topw PGM over program pulse width 


CE setup time 








tee Data valid from OE 
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AC waveforms a 
PROGRAM ee 


Vin 
Vit 


DATA (| DATA [oata outPUT VAL) VALID -) 
<= Te 
Vpp 

. et 
Voc 


Veet 
Voc 
Voc 
Vin 
CE 
Vit 


Test conditions for A.C. characteristics 
Input voltage : V;,=0.45V, V,,=2.4V 
Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 


START “L’=0.8V, “H"=2V 
ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp= 12.5V 


Programming algorithm flow chart 








0 


PROGRAM ONE PULSE OF 0.2ms 
X=X+1 


FAIL DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 





INCREMENT ADDR 


LAST ADDR? 
“YES 
Voc™=Vpp= *5.0V 


VERIFY FAIL 
ALL BYTE apps 
PASS 
DEVICE PASSED *45V <Voc=Vep<5.5V 


rey 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading a 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ap~Aj;,) to be read, and the 
data will be output to the I/O pins Dg ~Dy7. The data !/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Apg~Aj;4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to being writing. 


Writing operation 

To program the M37702E4EXXXFP, first set Voc=6V, Vpp= 
12.5V, and set the address to “0”. Apply a 1ms write pulse, 
check that the data can be read, and if it cannot be read 
OK, repeat the procedure, applying a 1ms write pulse and 
checking that the data can be read until it can be read OK. 


Record the accumulated number of pulse applied (X) be- 
fore the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3X X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V(or Voc=Vpp=5.5V). 














Data I/O 
Output 
Floating 


Input 








Table 3. I/O signal in each mode 
Output 


ed 
- 
Vit 
Disable 


Programming 


























Programming 
Verify 
Program Disable] Vj 


Note 1 : An X indicates either Vi_ or Vix. 









Output 








Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vec=6V0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 













































Data valid from OE 





toe 


Limits 

tas Address setup time 2 (ent eee ee 
toes OE setup time 2 | ges | 
tos Data setup time 2 |] us| 
iis Address hold time 0 
tou Data hold time ae 2 pe 
tore Output enable to output float delay 0 130 | ons | 
tvcs Vcc setup time 2 
Vpp setup time 2 
trpw CE initial program pulse width 0.95 | 1 | 1.05 | ms | 
tcopw CE over program pulse width | | 78.75 | ms | 
ae he ae ae 























N e 
00 
a 
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AC waveforms 


Vin 
ADDRESS 
Vic 


Vin/Von 
DATA 
Vit/Vor 


Let 
| 


Voc 


Vin 


Programming algorithm flow chart 








INCREMENT ADDR 


PROGRAM VERIFY 


| 
| 


SA 
Ma, 
oO 
> 
coe | 
> 
O 
Cc 
+ 
U 
Cc 
+ 
ris 


DATA SET 


5 = 
2] 7) 


START 
ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp= 12.5V 


PROGRAM ONE PULSE OF 1ms 
X=X+1 


PROGRAM/VERIFY 
ONE BYTE 


PASS 


PROGRAM PULSE 
OF 3Xms DURATION 
LAST ADDR? 


YES 


Voc=Vpp= " 5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED 


FAIL | DEVICE 
FAILED 


PASS 


*4.5V<Vec=Vpp< 5.5V 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(2) The programmable M37702E4EFP that is shipped in 
blank is also provided. For the M37702E4EFP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 


Writing with PROM writer 


Screening 






(Caution) 





(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


a —__ aE a= aa eae GaP aad —_—E ETP EE eEEP ™} 
| Function check in target device | 
bs —ET ewe 6 eee eee oP = «e eam=w =p EE eel = 
Caution : Never expose to 150°C exceeding 100 hours. 


ADDRESSING MODES 

The M37702E4EXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E4EXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E4EXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 





















=), 3~Voc +0. 3 

















=3()) 3~Vect0. 3 





a 
[Nee Supvntoe ee ee ee 
F Aves [Analog suppyvotage—Ss=—=“*“‘*~é‘“dS“‘CN’S!™O#*~*~*~*~*~‘“‘;“‘“CSNC‘CCNOWBN™O™~C*dLSC 
FV; | Input voltage RESET, CNV BYTE —=Ss=s=~=“‘“‘*S*C“‘CNSCW#C#“#(N#(N#NWNWN’NYY: 0. 3~12(Note 4) | V 
Input voltage POg~P07, P1p~P17, P29~P27, P3p~P3s, . 
P89~ P87, Vrer, Xin 
Output voltage PQo~P07, Plo~P17, P2p~P27, P89~P3s, 
Vo P49>~P47, P5g~P57, P69~P67, P7o>~P77, 
Topr Operating temperature 
Storage temperature 
Note1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 


RECOMMENDED OPERATING CONDITIONS (Vcc=5v+10%, Ta=—40~85°C, unless otherwise noted) 









Parameter 


< 
oS 












Voc Supply voltage ; . 
Analog supply voltage 
Analog supply voltage 


High-level input voltage PQ9~P07, P39~P33, P49~ P47, 


> 
ol 
<\o 
0 [|O 
oO 
o 


ces eee 





P59~ P57, P69~ P6,, P7o~ P77 . 


S 
oO 
< 
Q 
fe) 






























V —— V 
m P8)~P87, Xin, RESET, CNVss, ee 
BYTE 
High-level input voltage P19~P17, P29>~P27 
Vv 0. 8V V 
Me (in single-chip mode) ad ae 
High-level input voltage P1p~P17, P29>~P27 
Vin (in memory expansion mode and |0. 5Vcco Voc 
microprocessor mode) 
Low-level input voltage POg~P07, P39~P33, P4p~P4;, ! 
P59~P57, P69~ P67, P79~P77, 
Vv — 0 0. 2V Vv. 
si P8>~P87, Xin, RESET, CNVsg, wy 
BYTE 
Low-level input voltage P19>~P17, P29~P2;7 , 
Vv 0 0. 2V V 
ia (in single-chip mode) ne 
Low-level input voltage P19~P17, P29~P27 
Vin (in memory expansion mode and 0 0. 16Voc Vv 
microprocessor mode) 


High-level peak output current POQg~P07, Plg9~P17, P29~P27, 
P3o9~ P33, P49~P4,, P5o~ P57, 
P69~ P67, P79~P77, P89~P87 


High-level average output current POo~P07, Pigp~P17, P29~P27, 
| OH( avg ) P39~ P33, P4p~ P4,, P50~ P5,, 
P69~ P67, P79~ P77, P8~ P87 


Low-level peak output current POg~PO07, P1o~P17, P2>~P2z, 
P39~ P33, P4p~ P47, P5o~ P57, 
P6o~P6r, P79~ P77, P8~ P87 
Low-level average output current POg~P07, Plqg~P17, P2o~P27, 
lot(avg) P39~P33, P49~P4,, P5o~P57, 
P6o~P6y, P7o~P77, P89~P87 





str 

re) 

Oo 
> > 





















lou( peak) 


3 
> 


aie 
> 





é a 
< 
Al 
N 





External clock frequency input 





Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =16MHz, unless otherwise noted) 


Parameter 


Symbol 





High-level output voltage PQ9~P07, Plo~P17, P29~P27, 
P35, P31, P33, P4)~P4,, 











Test conditions 










































































Vor P5)~P5y, Py~P6;, P7>~P7,, | OH LOMA 
P8 ~ P87 
vee High-level output voltage ae a, P29~P2,, ja = 400wiA 
Von High-level output voltage P3, us] iil le 
lon= — 400A 
oe lonx=—10mA 
Von High-level output voltage E 
lon=— 400A 
Low-level output voltage POg~P07, Plp~P17, P29~P2;, 
P39, P3;, P33, P4o~P4z, 
Vou Sees pee: ee le 
P89~ P87 
Low-level output voltage PQ 9~P07, P19 ~P17, P29~P27, igen 
P39, P31, P33 
VoL Low-level output voltage P3, 
lol =2mA 
VoL Low-level output voltage E 
loL=2mA 
Hysteresis HOLD, RDY, TAQ~TA4in, TBO~TB2in, 
INTo~INT2, ADtrg, CTSo, CTS;, CLKo, CLK; 
: 
High-level input current POg~PO7, Plp~P17, P29~P27, 
his P3p~ P33, P49~P47, P59~ P57, 


P69~ P67, P79~ P77, P8o~ P87, 
Xin, RESET, CNVss, BYTE 

Low-level input current POQg~P07, P19~P17, P29~P27, 
P39~ P33, P4p~P4;, PSo~P5,, 
P69~ P67, P79~P77, P8~P8;, 
Xin, RESET, CNVss, BYTE 




















RAM hold voltage 


When clock is stopped. 








Power supply current 





In single-chip mode 
output only pin is 

open and other pins 
are Vsg during reset. 








(Xin) =16MHz, 
square waveform 
Ta=25C when clock 
is stopped. 

Ta=85 when clock 
is stopped. 








Test conditions 











Vrer=Vec 


Vrer=Voc 














Reference voltage 
Analog input voltage ; 


Vrer= Voc 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 
External clock input | 


Limits 


Fite a External clock input cycle time 
External clock input high-level pulse width 


tc 
External clock input low-level pulse width 
ite. al External clock rise time 


te External clock fall time 


NO} NM | 


10 











Single-chip mode | 


Port P4 input setup time 

Port P5 input setup time 

Port PO input hold time / 

Port P1 input hold time 

Port P2 input hold time 

Port P3 input hold time | | 


Port P7 input hold time | 
Port P8 input hold time 
Memory expansion mode and microprocessor mode 


Min. 

Port P1 input setup time | 45 | | 
teuiese) | Pon P2inputseuptime —=Ss=~=“*~*‘“‘*S*S*S*S*C*C‘“‘“*~*S*S*S*S~C<CS*~SCStSC*“dSC‘*d 
teutnov—e,)| ROVinputseuptime ——SSSC—“‘“‘;~;~*~‘“‘;*~;S*S™S”STCOC~C~C~C~C~C~C~™~S~S~S~SYCSY CS 
F teucno.e—4)| HOLD input seuptime—=SssSs~=~“~*~“~*~“SCS™S™SC™C™*CS*SCS*S*SCSCSCSCS™SCSCSCSCSCSCSCSS8 YY 


Limits 
Unit 










’ 








| 

















45 
45 
RDY input hold time | Oo | 
HOLD input hold time eae 
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Timer A input (Count input in event counter mode) 


Symbol 


tc(Ta) 









Parameter 












TAin input cycle time 










tw(TaAH) TAiy input high-level pulse width 


N 
Gl 





TAiiy input low-level pulse width 





Timer A input (Gating input in timer mode) 











Symbol Parameter 










Unit 


| Min. | Max. 
to(Ta) TAiy input cycle time | 500 | | ls 
= 








ns 
TAiy input high-level pulse width | ons | 
TAiwy input low-level pulse width 250 | ons | 












Timer A input (External trigger input in one-shot pulse mode) 


Parameter 








TAin input cycle time 


tw(TaAH) TAin input high-level pulse width 











tw(TAL) TAi input low-level pulse width 





Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 


TAiwy input high-level pulse width 
TAiin input low-level pulse width 








Timer A input (Up-down input in event counter mode) 


Symbol Parameter 


Min. 
to( up) TAigur input cycle time 2500 
TAiour input high-level pulse width 1250 





























TAiour input low-level pulse width 1250 
TAiout input setup time 
TAiour input hold time 
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Timer B input (Count input in event counter mode) 


Lae 


TBijy input cycle time (one edge count) ns 
TBijy input high-level pulse width (one edge count) ao aoe ae 
| twirer) —_| TBiiy input low-level pulse width (one edge count) Ts 
TBijy input cycle time (both edges count) 250 | ons 
Pe See 
ees RT ae 











TBi)y input high-level pulse width (both edges count) 12 
TBiiy input low-level pulse width (both edges count) 









Timer B input (Pulse period measurement mode) 


TBiw input cycle time 


00 
TBiw input high-level pulse width 250 
TBijy input low-level pulse width 250 
Timer B input (Pulse width measurement mode) 


Limits 
Symbol Parameter ; 
Min. Max. 


TBi input cycle time 500 
TBiy input high-level pulse width 250 
TBiw input low-level pulse width _ 250 





























A-D trigger input 


Parameter 

















to(apv) ADracg input cycle time (minimum allowable trigger) 











tw(aDL) ADrrg input low-level pulse width 





Serial 1/O 


Symbol Parameter 


CLK; input cycle time 


tw(cKH) CLKj input high-level pulse width 























twi(cKL) CLKj input low-level pulse width 











tqd(c—a) TxDj output delay time 





thic—a) TxDj hold time 











tsu(p—c) RxDj input setup time 














thic—pb) RxDj input hold time 


External interrupt INTj input 


Limits 
Symbol Parameter Unit 
Min. Max. 











INT; input high-level pulse width 7 ed a ae 
INT; input low-level pulse width 250 [OUT ons 
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SWITCHING CHARACTERISTICS (Vec=5V+10%, Vss=OV, Ta=25C, f( Xin) =16MHz, unless otherwise noted) 


Single-chip mode 


Port P2 data output delay time 
Port P3 data output delay time 


Port P5 data output delay time 
Port P6 data output delay time 


Port P7 data output delay time 
td(e—psa) Port P8 data output delay time 






















Test conditions 
































Memory expansion mode and microprocessor mode (when wait bit = “1”) 











Parameter 


Symbol 


Port P1 floating start delay time (BYTE="L”) 
Port P1 address output delay time 


td(p2a—ace) | Port P2 address output delay time 


td(¢,—HLDa) | HLDA output delay time 


ALE output delay time 
tw(ALe) ALE pulse width 





Port PO address output delay time 























td(BHE—E) BHE output delay time 


R/W output delay time 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE="L”) 
Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 
Port P2 data hold time 

BHE hold time 


R/W hold time 
E pulse width 















_ Limits 
Test conditions Unit 
Max. 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 













Port P2 address output delay time 

BHE output delay time 
¢, output delay time 
Port P1 address hold time (BYTE="L”) 

Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

Port P2 floating release delay time 
BHE hold time 
R/W hold time 
E pulse width 






























R/W output delay time 











































Fig. 3 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf t 
Cc 
Single-chip mode AA pes tw oH twee 
{CX ig) ¥ - 
E 
nag tdie-Poa? 
Port PO output | x 
tsu(poo—e) pao 
Port PO input Ee thie—pop 
nag tdie—pra) 
Port P1 output | X 
tsuip1p—E) pes 
Ee 
Port P1 input thie—pio) 
ag tdie—p2q) 
Port P2 output |X 
tsu(p20—£) 
Port P2 input ie thie—p2p) 
nig tdie—p3a) 
Port P3 output MX 
tsu(p30—e) 
_— 
Port P3 input | \ thie—psp) 
ay td(e—pag) 
Port P4 output _X 
tsu(pso—e) — 
as 
Port P4 input thie-pap) 
nag tdie—pso) 
X 
Port P5 output 
tsu(eso—e) — 
Port P5 input fe thie—Pso) 
tdi e—psa) 
. Port P6 output 
tsuipeD—e! 
_— 
Port P6 input thie—pep) 
na tdie—p7a) 
Port P7 output Xx 
tsucp70-e° — 
Port P7 input | \ theses: 
| tdie—psa’ 
Port P8 output | X 
tea pene 
SU. P8D—E ame 
Port P8 input th.e-pap 
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TAiin input 





to(up) 





TAiour input 


TAigut input 
(Up-down input) 


In Event counter mode 


TAin input : 

(When count by falling) 
be ee Se ee] 

(When count by rising) 


te(rB) 









twirsH) 





TBiy input 


twiaov) 








ADrrc input 





teicK) 





CLK; 
a 
nD me  samisimipiinobasil 
tsu(p—c) thic—o) 
Pe 
RxDj 
twauNL? 
INTj input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


LN ININSININININ 











RDY input 





tsu(roy—4,)|  th(g1—roy) 


(When wait bit = “0”) 


g, 


RDY input 


tsu(Rov—¢,)}  thi¢1—roy) 


(When wait bit = “1” or “O” in common) 


py 


thi ¢;—HOLo) 


tsu(HoLD—4,) 






td(4,;—HLDA) td(¢;—HLDa~) 





HLDA output 


Test conditions 

*Voc= 5 V+10% 

* Input timing voltage : V,_=1. OV, Vin=4. OV 

* Output timing voltage > Vo.=0. 8V, Von=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1”) 


f(Xin) 


¢ 
tdie-¢,) 
E 
Pen 


( Ao~Az ) 
PoP =) a 








ewes) 


— 
t= 





Be tezx.€—P1z) 
( 4 Address —_ Address 
(Ag~Ais/Dg~Dj5) 
(BYTE="L") d(P1A—ALE) r 
(Ag~Ais) 
(BYTE="H") -—— thie-pip 
Port P1 input 


thiace— rank 


vai texz(E—P 2z) tozx(E—p2z) 
ii =<) 5 Vo 


(Aig~A23/Do~D7) t tsu(p20—e) 
d(P2a—ALe) iar pes eg thie—pep) 
Port P2 input 
W (ALE) 
tdiale—e) _ 
Port P32 output 
(ALE) 


a E) rh 
(E~BHE) 


(BHE) 


td(r/w-e) 






thie—ayw) 
Port P39 output 
(R/W) 
Test conditions 
Voec= 5 V+10% 
* Output timing voltage ‘ Vo, =0. 8V, Vo,=2. OV 
* Ports P1,P2 input > Vii =0. 8V, Viy=2. SV 
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Memory expansion mode and microprocessor mode (When wait bit = "0", and external memory area is accessed) 


f(Xin) 


py 


m| 


Port PO output 
( Ao~A7) 


Port P1 output 


tc 


7 











tdie—¢,) 
twieL) dea 4) 


Address 





as a 
— TXT _D 


ae 


Address 


th(aLe—Pta) <I ye a tezx(—e—P1z) 
(Ag~Ai5/Dg~Dyj5) () ata | | Maaaress Address 


(BYTE=“L”) 


Port P1 output 
(Ag~ Ais) 
(BYTE=“H”) 


Port P1 input 


Port P2 output 


(Aye~A23/Do~ D,) 3, 
nee — ALE) 
Port P2 input 


Port P32 output 


(ALE) 


Port P3, output 


(BHE) 


Port P39 output 


(R/W) 






pacer neath 





tdie—Pia) 
td (P1A—ALE) 





ess 
ae pai (PIA—E) 


ne ne 


Kees 


Address 
I th(e—p2p) 


th(e—p1p) 


1, 






hart eee E) 


sell 
td(aLe—e) 





te E) 

th(e—BHE) 
tdi r/w—e) 

thie—r/w) 


Test conditions 

co= 5 V+10% 
* Output timing voltage : Vo. =0. 8V, Von=2. OV 
* Ports P1, P2 input > Vip =0. 8V, Viy=2. 5V 
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DESCRIPTION 

The M37702E4LXXXFP is a single- ib microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 
tures of this chip are similar to those of the M37702M4LXXXFP 
except that this chip has a 32K-byte PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. | 


The strong point of the M37702E4LXXXFP is the low supply — 


voltage. 


rebels FEATURES 


@ Number of basic Instructions: cccocecc cette teenie 103 

@ Memory size PROM cevvercccccceceette tte seeeee ees 32K bytes 
RAM ceccersccccettette sts s see ee tees 2048 bytes 

@ Instruction execution time | 

The fastest instruction at 8 MHz frequency -:-::::--: 500ns 
@ Single low supply voltage: sss sr 2.7~5.5V 
@ Low power dissipation 

(At 3V supply voltage, 8 MHz frequency) -- 12mW (Typ.) 

(At 5V supply voltage, 8 MHz frequency) -- 30mW (Typ. ) 
@ Wide operating temperature range PER EINES —40~85°C 
e Interrupts wee eee e eee e ete t see ee sees eeeeeeeeeenes 19 types 7 levels 
e@ Multiple function 16-bit timer Corer eer cerserereesveeseeseees 5+3 
@ UART (may also be synchronous) shew’ PAGS ROR TERRE ERA dD 
@ 8-bit A-D Converter scr 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)-- rr 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers | 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


PIN CONFIGURATION (TOP VIEW) 














ig 8 

Q ea 

< SN 
= :s H i) 
Zz z me - 
<x < O kr 
ha ~ ~N Ns 
x S ob oO 
ou oO Oo. a 
! t { ! 
80] 68 65 
















P7o/ANy +> [64] +> P8,/CTS,/RTS, 
P6,/TB2in +> +> P85/CLK, 













2 +> P86/AxD; 
P6s/TBOy +* [4 61] +> P8,/TD, 
P64/INT> +> 60] +> POo/Ay 







P6,/INTp +> 
P6,/TA4y + [8 
P65/TA4our + [2 
P5,/TA3)y, + [10] 














+> P1,/Ag/Do 

50] +> P15/Aio/D4o 
49] +> P13/A,,/D;, 
> Pt 4/Ayo/D19 
> P1./Ay3/D13 





d4xxx 1vacOLZEw 







aa] +> P2o/Ar/De 
+> P2,/A,7/D, 
+> P2,/Aia/D> 
+> P23/A49/D3 














































37] [38] [39] [40) 

a amas Oi er Ge ee Ge ake ke 
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Ov a5 Fs eumisegea 
O~ 5/9 xX JI<jma c > ats 
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Outline 8O0P6N-A 


*: Used in the evaluation chip mode only 
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FUNCTIONS OF M37702E4LXXXFP 


Number of basic instructions 103 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 


Memory size 


PO~P2, P4~P8 8 -bitx 8 

Input/Output ports ; 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
TBO, TB1, TB2 16-bitX 3 


(UART or clock synchronous serial I/O) X2 
8 -bitX 1 (8 channels) . 






















Multi-function timers 











Serial 1/0 
A-D converter 













Watchdog timer 





3 external types, 16 internal types 


Interrupts 
a (Each interrupt can be set the priority levels to 0 ~ 7.) 








Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 













Supply voltage 
















aeaen 12mW(at 3V supply voltage, external clock 8MHz frequency) 
Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 


— Input/Output voltage 5V 
Input/Output characteristic 
Output current 5 mA 


Memory expansion Maximum 16M bytes 
—40~85°C 

CMOS high-performance silicon gate process 
80-pin plastic molded QFP 















Operating temperature range 






Device structure 
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PIN DESCRIPTION (NORMAL MODE) 


Power supply Supply 2. 7~5.5V to Voc and 0 V to Vgs. 
CNVsg input This pin controls the Tae mode. Connect to Vss for single-chip mode. 
ET 












































RES Reset input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 

XIN Clock input Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 

SSS pastas Vai Sy Bhees 6) tie ton “mnt tween Xi and Xour. When an external clock is used, the clock source should be connected to the Xjn pin 

Xour Clock output Output and the Xour pin should be left open. 

E Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 

AVcc, AVss_ | Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVgg to Vsg externally. 





Reference voltage input Input This is reference voltage input pin for the A-D converter. 


POQo~P07 1/O port PO 1/O In single-chip mode, port PO becomes an 8-bit !/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 








Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


Pio~P17 1/0 port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dy5~Dg)is input or output when E output is “L” and an address (A;53~Ag) is output when E output is “H”. 





If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 





To 
P25 I/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Ao3~ Ai6) is 


output when E output is “H”. 











1/O port P3 1/O In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 








1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42. can be program- 
med for ¢; output pin divided the clock to Xiy pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢; output pin. 








P59~P57 I/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 








P69~ P67 1/O port P6 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT,, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. 





P79~P77 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 


P89~ P87 1/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 








TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE 









Input/Output Functions 


Supply 5 V+10% to Vcc and 0 V to Vgs. 


Connect to Vpp when programming or verifing. 
Connect to Vpp when programming or verifing. 


Connect to Vss. 


Vpp input 

Address input (Ap~A7) 
Data I/O (Do~D7) V0 
Peces mwas | 


4 
P5o~P57 





Connect a ceramic resonator between Xn and Xour. 









Port PO functions as the lower 8 bits address input (Ap~A7). 


Port P1 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 


Port P2 functions as the 8 bits data bus (Dg~D7). 








Connect to Vss. 









Connect to Vss. 






P59*,P5, and P5» functions as PGM*, OE and CE input pin respectively. 
Connect P53, P54 and P55 to Voc. Connect P5g to Vsg in 256K mode and to Vcc in 1M mode. Connect P57 to 
Vss. 


Control signal input 









Input port P6 Connect to Vss. 






















Input port P7 Connect to Vgs. 


P7o~P77 
P89~ P87 Input port P8 


* : It is available in 1M mode. 










Connect to Vss. 
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BASIC FUNCTION BLOCKS 

The M37702E4LXXXFP has the same functions as the 
M37702M2BXXXFP except for the following: 

(1) The built-in ROM is PROM. 

(2) The ROM size is 32K bytes. 

(3) The RAM size is 2048 bytes. 

(4) The reset circuit is different. 

Therefore, refer to the section on the M37702M2BXXXFP. 


RESET CIRCUIT 

Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 
~5.5V. Program execution starts at the address formed by 





Address 





Port PO data direction register (0416)°°° 0016 








pea ae 


Port P1 data direction register (O516)°"° 0016 








7 


i 


Port P2 data direction register (08,6)-°° 0016 


Port P3 data direction register (O916)°"° XK] 0| o| 0 | 0 


Port P4 data direction register (OCi6) °°: 0016 





Port P5 data direction register  (ODj,)-:: 0016 
Port P6 data direction register (1046)°°° 0016 
Port P7 data direction register (1146)°°° 0016 


Port P8 data direction register (1446)°°° 0016 


A-D control register (1E16)°* | 0 'o/o{o/0]2|2]2, 


A-D sweep pin selection register (1F.¢)--: DXDXIXDXIX] 1 | 1 | 
UART 0 Transmit/Receive mode register (3046) --- 0016 


nt 


i 


UART 1 Transmit/Receive mode register (3816)°°° 0016 


UART 0 Transmit/Receive control register0. (3446) --° xDXDXDX 1] 
UART 1 Transmit/Receive control registerO (3C46)-"° DX) 


UART 0 Transmit/Receive control register1 (3546)-:° 





UART 1 Transmit/Receive control register? (3Di6)°°: 





ofojojojojo|+ 
jo} 


oO 
Oo 


Count start flag (4016)-" 0016 


XXIX|9|9 








One-shot start flag (4216)-°° 


Up-down flag (44,6)°" 





Timer AO mode register | (5646) °°" 
Timer A1 mode register (57i6)°°° 
Timer A2 mode register (5816)°°° 
Timer A3 mode register (5946) °° 


Timer A4 mode register (5Ai6) °° 


rT 


Timer BO mode register (5Big)**° fol1)X{ 0/0] 
Timer B1 mode register (5Cy6)**° folol1)Xfojo 
Timer B2 mode register (5Di6) °° 0/0) 1)X/0/o| 


Fig. 1 Microcomputer internal status during reset 





© |e |Le | 





Setting the address pins As3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF,., and A7~ Ag to the contents of 
address FFFE¢. 

Figure 1 shows the status of the internal registers when a 
reset occurs. 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. 


Address 





2 


Processor mode register (5Ey6) °° 00,6 








| 


Watchdog timer (6016)°"° FFF 46 

XXX 
XXX 2/0] 0) 
XX 2/010 
XXX 2/9 |0] 
XXX210)0 
XXX/2} 010 
XXX 190] 
XXX (2/9 |0| 
XXX 10/0] 
XXX | 0] 010 
XXX 2/0] 0 
XX 2/9 |0] 
XXX.019 [0] 
Timer B2 interrupt control register = (7Cy6)-*° N)X)X} 0[ 0] 0. 
INT 9 interrupt control register (7Dig)-* X)X}0[ 0} 0} 0} 0 
INT , interrupt control register — (7E16) -*- X{0}0}0]/0}o 
INT » interrupt control register ee X{o/0}0/0}0 
Processor status register PS (0/0, 2}2/ofolo|1]2| : 


Program bank register PG 


ed 


Watchdog timer frequency selection flag (6146)°"° 
A-D conversion interrupt contro! register (7016)°"° 


UART 0 transmission interrupt control register (7146)°°° 


>DJesles 


Pe 


UART 0 receive interrupt control register (7246)°"° 


is 


UART 1 transmission interrupt control register (7316)°°° 


UART 1 receive interrupt control register (7446)°°° 


Bes 


eS 


Timer AO interrupt control register (7516) °° 


DS 


Timer A1 interrupt control register (7616)°"° 


Ba 


ede 


Timer A2 interrupt control register (7716)°"° 
Timer A3 interrupt control register (7816)°"° 
Timer A4 interrupt control register (7916) °° 
Timer BO interrupt control register (7Aie)**° 


Timer B1 interrupt control register (7Big)**: 


Seslegieg 
fe |Le je |Le | 


: 
|e 


v_— 
~ 
n 

—_ 

fon 


EIes 


Program counter PC, Content of FFFFi., 
Program counter PC, Content of FFFE,. 


Direct page register DPR 0000;. 


i 


Data bank register DT 00:6 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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Power on 
wee 


M37702E4LXXXFP 
Vex 2.7V 
RESET 
OV 
| RESE 
OV 0. 55V 


Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 





MEMORY 


The memory map is shown in Figure 3. 


0000001. 000000;¢ 
00007 Fi¢ 
0000801. 


Bank 016 Internal RAM Peripheral devices 


2048 bytes control registers 
OOFFFFic 


01000016 
00087F 1, 


O1FFFFi¢ 


Interrupt vector table 


| A-D conversion | conversion 
UART1 transmission 
UART1 receive 


UARTO receive 


Internal PROM 
FE0000;. ; 


UARTO transmission 


32K bytes 


Timer A2 
Bank FE46 Timer A1 


FEFFFFi¢ 
FF00004¢ 


Watchdog timer 


Bank FF \ 
‘ 7 COEF ES is 


\ Zero divide” 


FFFFFF ig OOFFFF ic RESET 





Fig. 3 Memory map 
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EPROM MODE 

The M37702E4LXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM made. Table 
1 list the correspondence between pins and Figure 4 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 





Table 1. Pin function in EPROM mode 


























* ° In 256K mode, connect P17 and P59 to Vcc. 





the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 0000,,~ 7FFF,, in 256K mode, and 
address 18000,.~1FFFFi¢ in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xjy pin and Xour pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 
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=> P77/AN7/ADtrRg - 


++ P7/AN2 
> P73/AN3 
+> P7,/AN, 
+> P75/ANs 
++ P76/ANg6 
= P83/TxDo 


Edad P82/RxDo 


El 
3 | 
8 
eI 
EI 
z] 
&] 


P7o/ANy +* [1] [64] +> P8,/CTS,/RTS, 
P67/TB2in +> L2] +> PB5/CLK, 
P6_/TB1 in - - PBe/RyD, 
Pés/TBOy + [6 +> PB/T,D; 


P62/INTo > 


Equivalent to P6,/TA4in +> [8] 
nee ( Pho/TA4our + 19] 
O 
a 


P57/TASiny + [10) 
< O P§6/TASout +e, iy 
Equivalent to P§c/TA2in + L12] 


M5M27C101K 
: P§,/TA2out aia [13] 


a 
Equivalent to PSg/TAl iy +> Ld) 
M5M27C256K eS PSo/TAlour + (5 
arenas PB ITAQ yy > [16] 


P§o/TAQour + LZ Equivalent to 


MSM27C256K 


d4xxxX 1VAcOZZEW 


i == O 
suiozc iolk 45] o> PIz/Ays/Dy5 
a +> P2o/Ay6/09 —-————_o P 
+> P2,/Ay7/D, cP) 
+> P2./Ay3/D2 —————(2) Equivalent to 
al +> P2,/Ai9/D3 —_——_—_—_{b3) MSM27C101K 


w 
~ 


fa 
es] 
P26/A22/Dg 2 [8] 


P32/ALE ++ [3] 
P3,/BHE ++ &] 
P39/R/W < LB] 
P27/A23/D7 7 
P2s5/Ao1/Ds + 3 | 
Cb4)——_ P24/A29/D4 ** 3) 


P4)/HOLD + 
P33/HLDA = 





* : Connect to ceramic oscillation circuit. 


Outline 80P6N-A > ! Itis used in the EPROM mode. 





Fig. 4 Pin connection in EPROM mode 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Aj>~Aj;;) to be read, and the 
data will be output to the I/O pins Dp ~Dy7. The data |/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ap~Aj5, and the data to 
be written is input to pins Do~D7. Set the PGM pin to a “L’” 
level to being writing. 





Writing operation 

To program the M37702E4LXXXFP, first set Voc =6V, Vpp= 
12.5V, and set the address to 18000;,. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (X) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2 X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V(or Voc=Vpp=5.5V). 


Table 2. I/O signal in each mode 






Data I/O 














Output 
Vin | Vin 5V 
Vi [125V| 6V | input 
Verify oh = 

Vin 12.5V/ 6V | Floating 


Note 1 : An X indicates either V,_ or Viy. 











< 
i 
calc 
ol ol 
< i< 
rn 
< 





Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+£57, Vec=6V0. 25V, Vpp=12. 5£0. 3V, unless otherwise noted) 






Parameter 












OE setup time 


Data setup time 


Address hold time 
Data hold time 











Output enable to output float delay 


PGM pulse width 





CE setup time 








PGM over program pulse width | 0.19 | 





Data valid from OE 








Test conditions 
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AC waveforms 











re aan 
Vin : 
Vin 
DATA ener SET (oara oureur valio] a VALID cos 
Vpp 
Vcc 
Voect1 
Voc 
— Vin 
CE 
. ree 
Vin 
PGM ee 
Vit 
Vin eee 
OE | topw 
Viv 
Test conditions for A.C. characteristics 
. - Input voltage : Vii =0.45V, Vin=2.4V 
Programming algorithm flow chart 
og g alg Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 
START “L’=0.8V, “H’=2V 
ADDR=FIRST LOCATION 
Voc=6.0V 
Vpp=12.5V 
X=0 
X=X+1 
FAIL {| DEVICE 
FAILED 
PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 
INCREMENT ADDR LAST ADDR? 
YES 
Voc=Vpp= *5 0V 
VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *4.5V<Voc=Vpp<5.5V 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ajg~A;,4) to be read, and the 
data will be output to the 1/O pins D> ~Dy,. The data |/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~A;4, and the data to be written is input to pins Do 
~D7. Set the CE pin to a “L” level to being writing. 


Writing operation 

To program the M37702E4LXXXFP, first set Vcc=6V, Vpp= 
12.5V, and set the address to “0”. Apply a 1ms write pulse, 
check that the data can be read, and if it cannot be read 
OK, repeat the procedure, applying a 1ms write pulse and 
checking that the data can be read until it can be read OK. 
Record the accumulated number of pulse applied (X) be- 
fore the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3X X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V (or Vec=Vpp=5.5V). 


Table 3. I/O signal in each mode 








Data !/O 















Read-out 
Output Vin 
Disable X 5V 5V Floating 


Programming 6V Input 


Programming 
. Vin Vin 
Verify 


12.5V 6V Output 
Program Disable! Vin | Vim | 12.5V 
Note 1: 


An X indicates either V,_ or Vin. 


Output 
Floating 








Vin 5V 5V 


































Program operation (equivalent to the M5M27C 256K) | 
AC ELECTRICAL CHARACTERISTICS (Ta=25£5C, Vec=6VH0. 25V, Vpp=12. 5-40. 3V, unless otherwise noted) 


Parameter 


Symbol 


Address setup time 
OE setup time 
Data setup time 
Address hold time 


Data hold time 


Test conditions 


= 
= 





























Benee 





Output enable to output float delay 

















tepw CE initial program pulse width 


topw CE over program pulse width 
tse Data valid from OE 























POTR | OPM] OPP] MI DM]: 
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AC waveforms 


ADDRESS . 


DATA 


Voc 
Voct1 


Voc 


Vit 


{ 


PROGRAM VERIFY 


——ae 
DATA SET ; DATA qua ead 


ef 


~~ 


VCS 


s ) 


Ss lee — 


aft) 


Programming algorithm flow chart 








INCREMENT ADDR 


START 
ADDR=FIRST LOCATION 


Voec=6.0V 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF 1ms 
X=X+1 


<> YES 
PROGRAM/VERIFY 
PROGRAM PULSE 
OF 3Xms DURATION ) 
LAST ADDR ? 
YES 


Vec= Vpp= . 5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED 





FAIL | DEVICE 
FAILED 


PASS 





. 45V<Voec = Vep< 5.5V 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(2) The programmable M37702E4LFP that is shipped in 
blank is also provided. For the M37702E4LFP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 


Writing with PROM writer 


Screening 









(Caution) 


(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


a a_mpPD ep ee EERE =e nm ETERS es Ss Ee 8c ™ 
] Function check in target device | 
L_ aur @EEweawmre GT GSE =a eeu (OE Ge Sete 8 RE aT _t 
Caution : Never expose to 150C exceeding 100 hours. 


ADDRESSING MODES 

The M37702E4LXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E4LXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E4LXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


[Veo |Swpyvotages —C“‘*~*~“‘SSSCSC*dCONCNSCSC“CNSCONSCSCSSTT 03 
Aves | Analog supply votage—=C=~=“‘C*S*S*™*~*~;*~C‘“‘(C~CWSOOU 03 


Vv 
V 
I V 
Input voltage POg~P07, P19o~P17, P29~P27, P8p~P33, . es 
P49~P47, P5g~P57, P69~P67, P79~P77, —0. 3~Vec+0. 3 V 
P89~P8;, Vrer, Xin 
Output voltage POg~P07, P1p~P17, P29>~P27, P39~P33, 
Vo P49~P47, P5p~P57, P69~ P67, P7o~P77, —0. 3~Vect0. 3 V 
vo — P8p~P87, Xour, E | «1 


Topr | Operating temperature = 
Storage temperature —65~150 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. | 






























RECOMMENDED OPERATING CONDITIONS (Vcc=2.7~5.5V, Ta=—40~85C, unless otherwise noted) 
| kimits | 


Limits 
Parameter 
Min. Typ. Max. 
Supply voltage 2.7 : 


Max. | 

Analog supply voltage Vcc fie I 
| foe! 

= 











Supply voltage 





Analog supply voltage 

High-level input voltage PQ9~P07, P389~P33, P49 ~P4z, 
P5o~ P57, P69~ P67, P7o~ P77, 
P8)~P87, Xin, RESET, CNVss, 
BYTE 


High-level input voltage Pip~P17, P29~P27 | 
0. 8V V V 
(in single-chip mode) ve as 
High-level input voltage Pig~P17, P29~ P27 
(in memory expansion mode and | 0. 5Vcc Voc V 
microprocessor mode) 
Low-level input voltage PQ 9~P07, P39p~P33, P49~P47, 
P59~P57, P69 ~P67, P79>~P77, 
V oe 0. 2V V 
a P8y~P87, Xin, RESET, CNVss, oe 
BYTE 
Low-level input voltage P1gp~P17, P29~P2 
Vie . ‘ ‘ ‘ ' : : 0. 2Vcc V 
(in single-chip mode) 
Low-level input voltage Pigp~P17, P29~P27 
Vin (in memory expansion mode and | 0. 16Voc Vv 
microprocessor mode) 
High-level peak output current POg~P07, Pip~P17, P29~P27, 
lon( peak) P39~P33, P4o~P47, PSp~P5;, —10 mA 
PG 9~P67, P79~P77, P89~P87 
High-level average output current POg~P07, Plp~P17, P29~P27, 
lon(avg) . P39~P33, P4o~P47, PSo~ P57, =5 
P69~ P67, P79>~P77, P89~ P87 


Low-level peak output current POQg~P07, Plig~P17, P29~P27, 
loi(peak) P3o~ P33; P4o~P47, P5p~ P57, 
P69~ P67, P7o~ P77, P85~ P87 


Low-level average output current POg~P07, Plo~P17, P29~P27, 
lo-(avg) P39~ P33, P4o~P47, P5p~P57, 
P69~P6,, P7o~ P77, P89~~P87 


f(Xin) External clock frequency input 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo. (peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of loxn(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 


0. 8Vcc Voc 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=O0V, Ta=25C, f(Xiy)) =8MHz, unless otherwise noted) 


* Limits 
Parameter Test conditions 


High-level output voltage PO9~P07, Plo~P17, P29~P2;, 
P3o, P3;, P33, P49 ~P47, 
P59~P57, P69~ P67, P79 ~P77, 

| P8~ P87 

High-level output voltage POg~P07, P19~P17, P29~P2;, 

Vou P39, P3;, P3, 





Voc=5V, lox=— 10mA 


-F 
— 
< 
ne) 





Vec=3V, lox= —ImA 











Vec=5V, lox= —400uA 























Vec™=5V, lon=—10mA 
Vou High-level! output voltage P3, | Voc=5V, lon=—400KA 
Voc=3V, lox=—1mA 

Voc=5V, lon=—10mA 




















High-level output voltage E Voc=5V, lon=—400uA 
Vec=3V, lon=—ImA 


Low-level output voltage POp~PO07, P1p~P17, P2o~P2z, 
ow-level output voltag 0 7 0 7, Pdo 7 Voc®=5V, lo.==10mA 
sg P3p, P31, P33, P4g~ P47, 
we P5)~P57, P6y~P67, P7o~P77, 
P85>~P8,7 Vec=3V, loL=1mA 














a Ty 














Low-level output voltage PQ 9~P07, Pl9p~P17, P29~P27, 


Vec=5V, lol=2mA 
P3, P3,, P33 oe cia 











Vec=5V, lol =10mA 
Low-level output voltage P3» Voc=5V, lol =2mA 
Vec=3V, loLp=1mA 
Vec=5V, lop =10mA 
Low-level output voltage E Vec™=5V, loL-=2mA 
Vec=3V, loL=1mA 
Hysteresis HOLD, RDY, TAO w~TA4in, TBOy~TB2in, Vec=5V 
INTo~INT2, ADtag, CTSo, CTS;, CLKo, CLK; Vec=3V 
Vec=5V 
Vec=3V 





< 





< 


2}/9/9 


Hysteresis RESET 


—~!—{]P/]— 


Hysteresis Xin 


V 
v 
a 2 
~ | 
V 
0.5 
= 





High-level input current POg~PO7, Plo~P17, P29~P2;, 
P39~ P33, P4p~P4,, P59~P57, 
P6o~ P67, P7p>~P77, P8o~P87, 
Xin, RESET, CNVss, BYTE 


— oe +— 


Low-level input current PQg~P07, P19~P17, P29~P27, Vec=5V, V.=0V 
P39~P33, P4y~P47, PSp~P5y, ane 
P69~P67, P7o~P77, P89~P8,, 
Xin, RESET, CNVss, BYTE 
RAM hold voltage When clock is stopped. 
in single-chip (Xin) =8MHz, 


mode output square waveform 


only pin is open Tg=25C when clock is 


Vec =5V, Vi=5V 


io) 
Sljelsjeje} jelje|-lelii= 
HM |RO;@OI HPI ONIN AH] RL RIO] Riad! o 











Vec= 3V, Vi= 3V 














Voc=3V, V,=0V 











Power supply current and other pins stopped. 


are ss Qucing Ta=85° when clock is 





reset. 














stopped. 


Parameter Test conditions 


Resolution Vrer=Vec 
Absolute accuracy | Vrer= Voc 
Ladder resistance Vrer=Vec 
a ce ae 


tconv Conversion time 


Vrer Reference voltage 
Via Analog input voltage 
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TIMING REQUIREMENTS (Vcc=2. 7~5. 5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 
External clock input 





Single-chip mode 


Symbol Parameter 


tsu(PoD—_E) Port PO input setup time 


Ww 
oO : 
oO}: 





tsu(P1D—e) Port P1 input setup time 


W 
i) 
oO 


tsu(P2D—e) Port P2 input setup time 





tsu(Pp3D—E) Port P3 input setup time 





tsu(pap—e) Port P4 input setup time 








tsu(esDp—E) Port P5 input setup time 





tsu(p60—e) Port P6 input setup time 
tsu(p7D—E) Port P7 input setup time 
tsu(Ppsp—e) Port P8 input setup time 








th(e—rop) Port PO input hold time 





th(e—P1b) Port P71 input hold time 





th(e—p2pd) Port P2 input hold time 








th(e—p3p) Port P3 input hold time 


Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
| Steep)... | Port P7 input hold time 
Port P8 input hold time 




















Memory expansion mode and microprocessor mode 


Symbol Parameter 


Port P1 input setup time 
Port P2 input setup time 
RDY input setup time 


HOLD input setup time 

Port P1 input hold time 

Port P2 input hold time , 
HOLD input hold time : 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


| Max. | 
TAin input cycle time 250 ae 
ae 












TAiwy input high-level pulse width 
TAiy input low-level pulse width 


—t | ot 
NI} RN 
ony on 


Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAijy input cycle time 


TAiin input high-level pulse width 
TAiiy input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


Symbol p ; Limits 
mbo arameter 


Mi 
TAiiy input cycle time 500 | | 
TAiwy input high-level pulse width 20 | | ns | 











Timer A input (External trigger input in pulse width modulation mode) 


TAi\y input high-level pulse width 250 
TAiin input low-level pulse width 









Limits 


ae 
TAigut input high-level pulse width 
Bee BE P17 ng aC 1G 





Timer A input (Up-down input in event counter mode) 
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Timer B input (Count input in event counter mode) 


TBi input cycle time (one edge count) 250 
TBiy input high-level pulse width (one edge count) 125 
TBiy input low-level pulse width (one edge count) 125 
250 
250 


















Timer B input (Pulse period measurement mode) 


Symbol . Parameter 


tc(TB) TBijy input cycle time 








tw(TBH) TBiy input high-level pulse width 


TBiy input low-level pulse width 











Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBiin input cycle time 
TBiwy input high-level pulse width 
TBijy input low-level pulse width 





A-D trigger input 


i 
ymbo arameter : ; Min. ni 


ADrrg input cycle time (minimum allowable trigger) 2000 | ons 
tats ae ae 


ADrro input low-level pulse width 














Serial 1/O 


Ce — ee pew ee 
CLK; input low-level pulse width | 

TxDj output delay time 170 ns 
TxDj hold time 
































RxDj input setup time 80 ns 
PxDj inputhold time ioo | | ns_| 








External interrupt INTj inpu 


ter ni 
Symbol arame rr 
INT; input high-level pulse width 250 ns 
25 
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SWITCHING CHARACTERISTICS (Vcc=2. 7~5. 5V, Vss=O0V, Ta=25, f( Xin) =8MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 








td(e—Proa) Port PO data output delay time 





td(e—pi1a) Port P1 data output delay time 


td(e—p2aq) Port P2 data output delay time 





td(e—psa) Port P3 data output delay time 





td(e—ps4aq) Port P4 data output delay time 








td(e—psa) Port P5 data output delay time 








td(e—p6aq) Port P6 data output delay time 


td(e—p7aq) Port P7 data output delay time 
td(e—psa) Port P8 data output delay time 











Memory expansion mode and microprocessor mode (when wait bit = “1”) 











Limits 


—h —— 
W > 1 W 
Oo O;oO 


Symbol Parameter Test conditions 












td(pPoa—e) Port PO address output delay time 
td(e—p1aq) Port P1 data output delay time (BYTE=“L”) 


tpxz(e—p1z) | Port P1 floating start delay time (BYTE="L”) 














td(p1a—e) Port P1 address output delay time 
td(p1a—ace) | Port P1 address output delay time 
td(e—p2a) Port P2 data output delay time 


— 
io) 


tpxz(e—pez) | Port P2 floating start delay time 
td(p2a—e) Port P2 address output delay time 


td(p2a—ace) | Port P2 address output delay time 





td(¢,—HLDbaA) | HLDA output delay time 
td(aLeE—e) ALE output delay time 
tWw(aLe) ALE pulse width 
td(BHE—E) BHE output delay time 





= Fig. 5 
td(r/w—_E) R/W output delay time ? 





td(e—¢,) ¢; output delay time 

thc e—poa) Port PO address hold time 

th(iaLce—pia) | Port P1 address hold time (BYTE=“L”) 

th( e—P1aQ) Port P1 data hold time (BYTE=“L”) 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 
th(e—p1a) Port P1 address hold time (BYTE=“H”) 
thcaLeE—p2a) | Port P2 address hold time 


— 
P= pe) 
(o>) jo) 





on ao in oy) on oO 


























th(e—p2aq) Port P2 data hold time 











coke 
on} 
oO!1o 





tpzx(e—pe2z) | Port P2 floating release delay time 





th(e—BHE) BHE hold time 





tht e—r/w) R/W hold time 








oO; 
oO;O;o 





E pulse width 





21 


tw(eL) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions 


Port PO address output delay time 

Port P1 data output delay time (BYTE="L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 


td(p2a—ace) | Port P2 address output delay time 





4) 
© 

















td(¢,—HLpba) | HLDA output delay time 


ALE output delay time 
ALE pulse width 

BHE output delay time 
R/W output delay time 

¢, Output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE="L”) 
Port P1 data hold time (BYTE=“L”) 

















inion wn alo 

Ol1O L o Ol1O 
oh —s —"* 
Nh —=|w =! 
Oo o|oO ol1o 





oI 





Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE="H”) , 
Port P2 data hold time 

Port P2 floating release delay time : 


th(e—r/w) R/W hold time 
E pulse width 





SS | Oa O11 O1| 
O}OW;W1O!1O O;O!1o 





Fig. 5 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM ty r 
Single-chip mode | tw two 

f(Xin) ? 

E * \ / 





td.& -Poa 
Port PO output 
tsu: poo - i 
Port PO input th:e-pop: 
rag tdie-pia) 
Port P1 output © 
tsu(pip—e) 
peel 
Port P1 input ie thie—pi1p) 
ag tdie—p2q) 
Port P2 output Xx 
tsu(p20—£) 
pees 
Port P2 input led thie—e2p) 
ssi tdie—p3q) 
Port P3 output BD. 
tsu(p30—e) 
—_— 
Port P3 input i thie—p3p) 
aig tdie—pag) 
Port P4 output PB. 
tsu(pan—e) a 
Be 
Port P4 input thie—pav) 
nati tdie—psa) 
Port PS output |X 
tsu(pso—e) — 
Port PS input ze thie-pso) 
ang td(e—P6a) 
Port P6 output Xx 
tsu(peo—e) pees 
; 
Port P6 input thie—pep) 
ag tdie—p7a) 
Port P7 output |X 
tsuip70-E: roe 
Port P7 input i 
\ th.e-e70 
| td.e-P8o 
Port P8 output xX 
tsu pao—e paaea 
Port P8 input Les th E-pso 
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TAiin input 


tec up) 


TAiout input 





TAiout input 
(Up-down input) 


In Event counter mode 


TAiw input 

(When count by falling) 
_ be Pt) 

(When count by rising) 


te(tTB) 









twiten) 





TBiy input 


tevao) 
ADrac input 
toick) 
CLKj 
tsu(o—c) thic—p) 
RxD; 


INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = "1") 


d; 


mi 
~ 


RDY input 


(When wait bit = “0”) 


oe 


Feo ey rig ae ee ee Te Oe eee ee ter eg ae ee 


4 


mi 


RDY input 


(When wait bit = “1” or “0” in common) 


$y 


thi ¢,—HOLD) 


tsu(HoOLo— 44) 


HOLD input 






td(4,—-HLDA) td(4,;—HLDA) 





HLDA output 


Test conditions 

* Voc=2. 7~5. 5V 

* Input timing voltage © Vic=0. 2Vcc, Vin=0. 8Voc 
* Output timing voltage * Vo. =0. 8V, Voy=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


¢y 


mi 





Port PO output 







(Ap~A?) 

thcace—P1A) tezx(e—P1z) 
(Ag~Ai5/Dg~Dj5) : 
(BYTE="L") td(p1a—ALe) | 
Port P1 output > 
(Ag~Ais) 
(BYTE="H”") — thie—pip) 
Port P1 input 

ae | fey 


ra Pt (ren [| Koes |} -——-- =| ns 


(Aye~Az3/Do~ D7) td(p2a—ALe) — 
ae ig thie—p2p) 
Port P2 input 
| twiace) 
W( ALE td(ace—e) 
Port P32 output 
(ALE) 


tdi sHEe-e) thie—BHE) 
Port P3, output | a aes) Gees 
(BHE) | 

td(r/w—-e) thie—rw) 


Port P3p output 





(R/W) 
Test conditions 
* Voc=2. 7~5. 5V © 
* Output timing voltage : Vo. =0. 8V, Voy=2. OV 
- Ports P1, P2 input —? Vi. =0. 16Vcc, Vin =0. 5V oc 
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Memory expansion mode and microprocessor mode (When wait bit = “0", and external memory area is accessed) 


tc 
f( Xin) ; 
y 
tdie-¢,) 
ee a ¢;) 


( Ao~ A; ) 


N(ALE—P1A) _ texz(e—P1z) tezx(e—P1z) 
Port P1 output i) as 


(Ag~Ays/Da~Di5) Address | Data Address 
BYTE="L" 
oe as ral 


tg (P1A—ALE) 


HI 
a 






tdie-P1a) 





th(e—pta) 
Port P1 output 


wa iii, xaos] 
(BYTE=“H’") 


— th(e—p1D) 
Port P1 input 


war rn) K texz(e—p2z) 


Port P2 output Acats 
(Aig~An3/Do~Dz) a Kets {aeeaseaaee sate Address 


tsu(pep—e) 
th(e—p2o) 
Lap 
a ALE) d(P2a—e) ——| 
Port P2 input 
< 
diate— E) 
Port P3, output 
(ALE) 







tezx(e—P2z) 
















d( BHE— E) 
th(e—BHE) 
(BHE) 
td(r/w—e) 
thie—r/w) 
Port P3y output 
(R/W) 
Test conditions 
* Voc=2. 7~5. 5V 
* Output timing voltage > Vo_=0. BV, Voy=2. OV 
* Port Pt, P2 input : Vii=0. 16Vcc, Vin=0. 5Vcc 
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DESCRIPTION 

The M37702E4LXXXGP is a single-chip 16-bit microcompu- 
ter designed with high-performance CMOS silicon gate 
technology. This is housed in a small 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M37702M4LXXXGP except that this chip has a 32K-byte 
PROM built in. : 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para- 
llel processor that can also be switched to perform 8-bit 
parallel processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The strong points of the M37702E4LXXXGP are the low 
supply voltage and small package. 





PIN CONFIGURATION (TOP VIEW) 


+> P79/ANo 
Bl ++ PBo/CTSo/RTSo 
R]<++ P8,/CLKo 
[Z]++ P82/RyDo 

++ P84/CTS;/RTS; 


IBi+> P83/ TxDo 


f& 


iSi+> P67/TB2in 
}2}e> P8s5/CLK, 


3 | 


60} +> P8./RxD, 
59] <> P87/T,D, 
58] <> POo/Ao 


P6,/TB1 in a 
P6;/TBOw - 


O 


P6./INTo +> [5] 
P6, /TA4in [6] 
P69/TA4out +” 


56] +* PO2/Ap 
55] <> P03/A3 
54] +> PO4/Ag 


P5.6/TASout 9 
1} +» PO7/A7 

+> P1>/As/Dg , 
149] ++ P1,/Ag/Dg 
48] > P15/A30/Di9 
47] > P13/A,;/D44 
46] > P14/Ay2/Dy2 
45] > P16/A13/Dy3 


P54/TA2our + LY 


P5,/TAlour 
P5,/TAOQw 14) 
P5o/TAQout +> [15] 
P47/DBC* «+ [1¢] 


dOXXX 1WACOLZEW 


+> P2o/Ai6/Do 





fi] > P2,/A7/D, 
FEATURES 
@ Number of basic instructions:::-::::: eee 103 cuz eeeece 
Ax'S 
@ Memory size = PROM(one time): 32K bytes 2 <loe Base22 
RAM -crsecssecssscseessseessseeees 2048 bytes pret aegags 
@ Instruction execution time 
The fastest instruction at 8MHz frequency --:-------- 500ns Outline 80P6S-A 
© single low Supply vottage pt ee on a ae ee * : Used in the evaluation chip mode only 
@ Low power dissipation 
(At 3V supply voltage, 8MHz frequency) --- 12mW ( Typ.) 
_ (At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) APPLICATION 
@ Wide operating temperature range::----------"- —40~85°C Control devices for communication equipment such as 
@ Interrupts ores 19 types 7 levels cellular radio telephones, cordless telephones, and radio 
@ Multiple function 16-bit TITIES er caste nee neon 5+3 communications 
@ UART (may also be synchronous) ---------r re 2 Control devices for office equipment such as copiers, prin- 
@ 8-bit A-D converter ::::::: rere 8-channel inputs _ters, typewriters, facsimiles, word processors, and personal 
@ 12-bit watchdog timer computers 
@ Programmable input/output Control devices for industrial equipment such as ME, NC, 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) op apa pe aS eS 6 8 and measuring instruments 
@ Small package------7""": 80-pin QFP (0.65mm lead pitch) 
NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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M37702E4LXXXGP BLOCK DIAGRAM Reference Bus width 


Clock input Clock output Enable output Reset input (5V) (OV) (OV) (OV) (5V) voltage input selection input 
Xin Xourt E RESET Voc Vic CNVs¢5 AVss AVoG Veer BYTE 


ee ee | ee ee re a re ae 


Instruction Register (8) 




















a 7 ed 
ae 0 ie ca ioe es ee 












21607 DyawYyyY 
(91)S 40jUIOd 49BIS 


=) 
Q 
a 
@ 
= 
@ 
= 
- 
@ 
“~ 
RO 
>- 


(p2)¥Q Ja1siBay ssasppy ereg [7 > 
(y2)Wd 281si6ay ssauppy wesbo1g a 


(Q| )q@ s0yejnwNdoy 
(91)X JaysiBay xapuj 
(9\)A Jas!IBay xapu| 


O 
= 
o 
92 
U 
o 
a 
Oo 
D 
is] 
© 
% 
oO 
= 
Oo 
Uv 
ay 
a 


(8)L0 Ja1IsIBay yueg Beg 
(8)Dd saisiBay yueg weiboig 


(bz) 48}UaWa199G/s8}UaWaI9U} 


> 
° 
re) 
c 
3 
= 
> 
el 
° 
“ 
- 
a 


(91 )@I 4aisiBay sayyng yndu| 
(8)"@q saying B1eQ 





(8) aq 4a4jNg Beg 








(91)Od 4aquNOD wesBoldg 





(1L)Sd 4aIsiBay smeis 108890014 





(8)2O 49ayNg ananyH vOnoN su 











i = 
RAM 
i fit tin tan 1 _L 


sng ssouppy 


(PPO)sNg Beg 
(UaAz)sng ejyeg 















LS SL a Cy 6a YD ce il 


a ALR ds BUR OU kag | 
G9G0611E2163164)6566) DT HOPINID CD III BOD ADA DOD - OSLO DADA 1A DATADLDLNL3)-3N32133G4) —35BHSNGEIIADADA2 —44HASABANAIANGD—GG2GIEIGHEHSNG— - ————— 
\ ~— ~~ YS OS YS Eee er SS a oo RRM TS SYS‘ 
Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output 
port P8& port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 
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FUNCTIONS OF M37702E4LXXXGP 


Number of basic instructions 103 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 
32K bytes 























PO~P2, P4~P8 8 -bitX 8 
4 -bitX 1 


TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 
TBO, TBI, TB2 16-bit 3 


Serial I/O (UART or clock synchronous serial I/O) X2 
A-D converter . 8 -bitX 1 (8 channels) 


Input/Output ports . 







3 external types, 16 internal types — 
menos centres tte tina 07) 
Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 


Supply voltage 

















12mW(at 3V supply voltage, external clock 8MHz frequency) 


30mW(at 5V supply voltage, external clock 8MHz frequency) 









Power dissipation 


Input/Output characteristic 
Operating temperature range —40~85'C 
Device structure CMOS high-performance silicon gate process 


80-pin plastic molded QFP (80P6S-A : 0. 65mm lead pitch) 
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PIN DESCRIPTION (NORMAL MODE) 


Input/Output Functions 


Vcc; Vss Supply 2. 7~5. 5V to Voc and 0V to Vss. 


CNVss CNVsg input Input This pin controls the processor mode. Connect to Vsg for single-chip mode. 


Reset input Input 
Xin Clock input Input 
Output 


Power supply 













To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xi pin 
and the Xour pin should be left open. 


Bs) 
m 
o” 
mM 
+ 


Xourt Clock output 
Enable output / output 


Bus width selection input Input 


AVcc, AVss_ | Analog supply input 
Reference voltage put] Input This is reference voltage input pin for the A-D converter. 
1/0 


PQ o~ P07 1/O port PO In single-chip mode, port PO becomes an 8-bit I/O port. An !/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 


Data or instruction read and data write are performed when output from this pin is “L”. 


BYTE In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 
















Power supply for the A-D converter. Connect AVcc to Vcc and AVgs to Vsg externally. 







< 
2) 
m 
mn 








Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 


P1o~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 


(D,s~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 





P29~P27 1/O port P2 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(As3~ Ai¢) is 
output when E output is “H”. 




















P30~P33 1/0 port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 
P4p~P4, 1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 


rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the func- 
| tion as ¢, output pin. 




















PSo~ P57 1/0 port PS 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer AO, timer A1, timer A2, and timer A3. 
































P60~P67 1/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer A4, external interrupt input INTo, INT,, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. 

P79~P77 1/0 port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 

P8 ~~ P87 1/O port P8& 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION ( (EPROM MODE) 


a 
ee ieee 
fre cme | so |emeeniemrmemmsmime 


Ce oe 
enone | om 
efeweowe [ oe 
[mae mswiee | 
ie 
= 
i 


Connect a ceramic resonator between Xjy and Xour. 





Keep open. 





Connect AVcc tO Vcc and AVsgg to Vgs. 





Port PO functions as the lower 8 bits address input (Ag~Av). 


Address input (Ag~A7) 
Address input (Ag~Aj5) 
Data I/O (Do~D7) 

Input port P3 

Input port P4 


P59~P57 Control signal input P5o*,P5, and P5» functions as PGM*, OE and CE input pin respectively. 
Connect P53, P54 and P55 to Voc. Connect P5g to Vsg in 256K mode and to Vcc in 1M mode. Connect P57 to 
P69~ P67 Input. port P6 


Input port P8 Connect to Vss. 


* ‘It is available in 1M mode. 


Port P1 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 
Port P2 functions as the 8 bits data bus (Dp~D7). 
Connect to Vss. 


Connect to Vss. 
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BASIC FUNCTION BLOCKS 

The M37702E4LXXXGP has the same functions as the 
M37702M2BXXXFP except for the following : 

(1) The built-in ROM is PROM. 

(2) The ROM size is 32K bytes. 

(3) The RAM size is 2048 bytes. 

(4) The reset circuit is different. 

Therefore, refer to the section on the M37702M2BXXXFP. 


RESET CIRCUIT 
Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 





Address 
Port PO data direction register (0416)°" 


Port P1 data direction register (05i6)°°° 


tt 


Port P2 data direction register (08,6)°"° 00:6 


XXX 2 || 0! 0 


0046 





>S 


Port P3 data direction register  (09,,)::: 


Port P4 data direction register  (0C4,¢)--- 


Port P5 data direction register  (OD,¢)-*- 


Port P6 data direction register (1046)°"° 0046 


Port P7 data direction register (1146)°°° 


nti 


Port P8 data direction register (14,6)°°° 0046 


9]0}0}0]?|2)? 
1 


1 


(1Eie)° 


A-D control register 


A-D sweep pin selection register (1F1.5)°*: 





UART 0 Transmit/Receive mode register (3016)"" 00,6 





(3816)°"° 0016 


(346) [XPXTXDX| 1 
(3Ci6)°* XXX 1 


UART 1 Transmit/Receive mode register 


a 


UART 0 Transmit/Receive control register 0 


UART 1 Transmit/Receive control register 0 


< 
eS 


UART 0 Transmit/Receive contro! register1  (3546):": 


[eo 
(o) 
_ 


UART 1 Transmit/Receive control register1 (3D4,6):"° 








i 





Count start flag (4016)°": 


0046 


XXIX!9/9 0/0 


0016 





One-shot start flag (4246): 


Up-down flag (4416)°"° 


Timer AO mode register (5646)°°° 0016 


Timer A1 mode register (5746)°*: 0016 





Timer A2 mode register (5816)°"° 00:6 


Timer A3 mode register (5916) 0016 


Timer A4 mode register (5Ay6)°"° 0016 


0} 1 /X/0/9}0 
jo] io 


0; 1 


iti 





OQ 
oO 


Timer BO mode register (5Big)"* 





Timer B1 mode register (5Cig)* 

















fo) 


: 


oO 
oO 
co) 
Oo 


Timer B2 mode register (5Dig)°° 


Fig. 1 Microcomputer internal status during reset 





9 MITSUBISHI 
ELECTRIC 


~5.5V. Program execution starts at the address formed by 
setting the address pins Az3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFF,,., and A7~Ag to the contents of 
address FFFE4.. 

Figure 1 shows the status of the internal registers when a 
reset occurs. 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. 


Address 


Processor mode register (5Ei6)°° 0016 


| 


(6016): FFF 46 
(6146)-" XXX 


(7016)-"° XDUX (2 [0] 
(7146) XXX 2 | 2] 
XXX 0] 0/90 
XXX ol 0/0 
XXX 2/0] 0 
XXX 2/01 0/9 
XXX ol 0/0 
XXX o] 0/9 |0 
(78:6) XXX 0 | 0 | 0 | 0 
(7946) XXX 
(7Ai6) °° XXX 
OK 

ZN 
(7Di6)""* X00} | 
(7Ei6)*"° )X 0| 
(7F 16) XX) 0 | 
9fo}o|?]? 


Content of FFFFi6 


Watchdog timer 


Watchdog timer frequency selection flag 


PIR< 
e Ife) 


A-D conversion interrupt control register 





oO 


UART 0 transmission interrupt control register 


UART 0 receive interrupt control register (7216)°*° 


Jee 


De 


UART 1 transmission interrupt control register (7316)°" 


UART 1 receive interrupt control register (74i6)°"° 


Cs 


Timer AO interrupt control register (7516)°*° 





Es 


ey 
Lo | 


Timer A1 interrupt control register (7616)°"° 


ca 


Timer A2 interrupt control register (7746)°°° 


ES 


Timer A3 interrupt control register 


S 
. 
o 
/o 
| o 


Timer A4 interrupt control register 
Timer BO interrupt control register 


Timer B1 interrupt control register (7Byig) °° 


ees 

S 
folfe’ 
BE 





(7Cig)°* 


oO 


Timer B2 interrupt control register 


INT 9 interrupt control register 


SIS 
SIS 
eS 
‘o 


ay 
(ao) 
oO 
[@) 


jo) 


INT , interrupt control register 


= 


INT 2 interrupt control register 











(en) 
= 
) 
~~) 


Processor status register PS 


Program bank register PG 0016 


i 


Program counter PC, 


i 


Program counter PC, Content of FFFE,, 
ee en 


Direct page register DPR 00001. 





Data bank register DT 00 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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_M37702E4LXXXGP 


RESET 





Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


0000001. 000000,, 
00007F\, 
000080), 


nk 
Bank Oi. Internal RAM Peripheral devices 


2048 bytes control registers 
OOFFFFi¢ 


010000; sense 
16 


O1FFFFi¢ 


Interrupt vector table 


A-D conversion 


UART1 transmission 


UART1 receive 
UARTO transmission 


UARTO receive 
Timer B2 
[Timer Bi 


Timer BO 


Timer A3 
32K bytes | 
FEFFFF i, | | Pees cl Tps 2 os 


FFO000i, 








INT 


—— eee mee ee ee ee 


\ 
OOFFD6i¢ \ BRK instruction 


\ : 


OOF FFFi¢ 





Fig. 3 Memory map 
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EPROM MODE 

The M37702E4LXXXGP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 4 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5s, 








P6./TB1 in 











CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 
the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 0000,,.~/7FFFi¢ in 256K mode, and 
address 18000,.~1FFFFi, in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xy pin and Xour pin. 

For M37702E4LXXXGP (one time PROM version), 256K 
mode should be recommended to write more deeply. 


VC 











O o ~ 

e 2 a 

9 e! | ie 
ot See HLA Slave 
O2Z22222222 ra x xr + 
Reidddddcet 4, 4g |OOEEIOO 
~NNN NNN NNN oa% oO YSN N NNN 
SK Or nM TM OR YH WwW OOF NOM + 
ONNRKRARNERKR ODP £> ODDDDNDA 
onoaadaadnaardcrodcoradadgad 
ie eee | ie aa oe 
80}}79 69 65 |}65||64) 















60] <> P8,_/RxD, 
























P6;/TBOiy - C) Be P8,/T,D, 
Equivalent P6,/INT2 + ++ P09/Ay ——— —-@) 
to the P63/INT, +* (4 +> P0,/A, 
M5M27C256K P62/INT + +> P02/Az ———C@a) 
: P6,/TA4iy + [6 = +* P03/Ag 
0 © P60/TA4our + ide) - PQ,/A, ag) 
4 P5,/TA3in + Le! = ++ P05/As ——————Gs) 
oe P5¢6/TAS3out << 3 | <= + P0.6/Ag 
Equivalent a P55/TA2in + Lo] m +> P0;/A; ————-—-@D 
AL ome aa P54/TA2our + [i 7 ++ P1o/Ag/Dg 
eauWvalenk P53/TA1 iy x< > P1,/Ag/Dg 
to the GE)—— P52/TAT our 2; ++ P12/Ayo/D1o ———@ Equivalent 
M5M27C256K | CE) ———  P5,/TAOy + [i O > P13/A,,/D1, ————-@ip to the 
O P5o/TAQout U ++ P14/A;2/D;2 ———Gip |, MSM27C256K 
ei P4, + [ig] +* P15/A13/D13 ———@ 
aD P4, + +> P16/A;4/D14 ———@ip 
Equivalent P45 +> Lg] + P17/Ay5/Di5 SO O-@is) 
to the P4,+ +* P2o/Ay6/Do —-——@) Equivalent 
0 M5M27C101K 
ib fukokws oe yah be a aed 
SBS Guz oY Me yale oedads 
SILO > S/N xX JI<ne >a > Sao 
a Sry IN>Ssddd¢cd 
tS a SPOGY IL Yrs 
re Semen INES TNENES) 
a o aoaaaa 
~ ||| | leeesee 


Outline 80P6S-A 


Fig. 4 Pin connection in EPROM mode 


* : Connect to ceramic oscillation circuit. 
C > : It is used in the EPROM mode. 
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Table 1 Pin function in EPROM mode 


armenia [awaro2s6% 
A oe en Vo 
CNVsz, BYTE | Vez 
Cor ee Sl” 


Address input; Ports PO, P1 Ao™~Ai4 
Data I/O Port P2 Do~ D7 
ew OE wi. SRSE = CE 


Voc 
Vss 
Pi 
| P52 
eee EES 55 
Lt Pam | PH 


* : In 256K mode, connect P17 and P59 to Voc. 











i 


Vss 


Ao~ Ais 





FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading es 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj5) to be read, and the 
data will be output to the I/O pins Dg ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Aj5, and the data to 
be written is input to pins Do~D7. Set the PGM pin to a “L” 
level to being writing. 





Writing operation “si 

To program the M37702E4LXXXGP, first set Vec=6V, Vpp= 
12.5V, and set the address to “0”. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. — 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V( or Voc=Vpp=5.5V). | 


Table 2 I/O signal in each mode 
CE | OE |PGM| v V 
Fatal vor | voc | Batavo 
Read-out Vin 


Data I/O 
o | X | SV 5V Output 
Output Vin x 
Disable Wires oe Floating 
: | Input 



























5V | Floating - 
12.5v| 6V 


V 
Programming| Vit V; 





Programmin 
eee 12.5v| 6v | Output 
Verify 


Program Disable Vin {12.5V Floating 


Note 1 : An X indicates either Vi, or Viy. 





Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5, Vcc=6V+0. 25V, Vpp=12. 5=£0. 3V, unless otherwise noted) 





tas _ Address setup time 
toes OE setup time 

tos Data setup time 
taH Address hold time 
tou Data hold time 





tore Output enable to output float delay 





Symbol Parameter Test conditions 





tore | Output enable to ouput oat delay Sie 

cme 
es 0.15 0.71 
o19 || 6.28] ms 
7 es 
tos [Data valid trom OE i 
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AC waveforms 


Vin 
ADDRESS 
Vie 
Vin/Von 
DATA 
Vii/Vor 
Vpp 
Vpp 
Vec 
Voc 
Voc 
_ Vin 
CE 
Vit 
Vin 
PGM 
Vit 
Vin 
OE 
Vin 


Programming algorithm flow chart 


PROGRAM —— 
oes sate 


DATA penal == DATA sania VALID cone 


a Pw 


Test conditions for A.C. characteristics 
Input voltage : V,,=0.45V, Viy=2.4V 
Input rise and fall times (10% ~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 


START “L"=0.8V, “H”’=2V 
ADDR= FIRST LOCATION 


Voc=6.0V 
Vpp= 12.5V 








PROGRAM ONE PULSE OF 0.2ms 


X=X+1 
FAIL _| DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Nms DURATION 





LAST ADDR ? 
YES 
Voc=Vpp= *5.0V 


VERIFY FAIL 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *4.5V <Voc=Vpp<5.5V 


INCREMENT ADDR 


ney 





(2) 256K mode (equivalent to the M5M27C256K) 


Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj,) to be read, and the 
data will be output to the I/O pins Dy~ Dy. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the EPROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ayg~A;4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to being writing. 
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Writing operation 

To program the M37702E4LXXXGP, first set Voc =6V, Vpp= 
12.5V, and set the address to “0”. Apply a 1ms write pulse, 
check that the data can be read, and if it cannot be read 
OK, repeat the procedure, applying a 1ms write pulse and 
checking that the data can be read until it can be read OK. 
Record the accumulated number of pulse applied (N) be- 
fore the data can be read OK, and then write the data 
again, applying a further three times this number of pulses 
(3XN ms). | 
When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V( or Vec=Vpp=5.5V). 


- Table 3 1/O signal in each mode 








Data I/O 











is 
v 
Output v 
Disable V 
Vi 


ie 


Vit 
Programming] Vi | Vin | 12.5V| 6V | Input | 
reece 12.5v} 6V | Output 
Vin 


Verify 
Vin | Vin [12.5v | 6v 


Program Disable 
Note 1 : An X indicates either Vi. or Viy. 


Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vcoc=6V£0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 


Parameter 


_ Symbol 


Address setup time 

OE setup time 

Data setup time 
tan 


Address hold time 


cee } 
ton | Datanoisime SSS 
tore | Output enable to output feat delay 


CE initial program pulse width 


tepw 
topw CE over program pulse width 


| toe _| Data valid from OE | 





Limits 
Test conditions 
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AC waveforms 


PROGRAM VERIFY 
"a a ee 
Vit 
Vin/Vou pues | 
DATA DATA OUTPUT 
( DATA SET !) (| VALID ) 
_ se aa = 
Vep ee is 
Voc 
Veot1 pa 
— 


itera Soest 
Vin 


OE 


Voc t 
Voc 
Vin 
ey 
Vic 


< 
rm 


Programming algorithm flow chart 


START 
ADDR=FIRST LOCATION 


Vec=6.0V 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF 1ms 
X=X+1 
<re2s > YES 
PROGRAM/VERIFY FAIL DEVICE 
ONE BYTE FAILED 


PASS 











PROGRAM PULSE 
OF 3Nms DURATION 


LAST ADDR ? 


YES 
Voc=Vpp= . 5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED *4.5V<Voc=Vpp< 5.5V 





INCREMENT ADDR 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. | 

(2) The programmable M37702E4LGP that is shipped in 
blank is also provided. For the M37702E4LGP, Mitsu- 
bishi Electric corp. dose not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 


Writing with PROM writer 


(Caution) 









Screening 


(Leave at 150°C for 40 hours) 


~ Verify test with PROM writer 


ADDRESSING MODES 

The M37702E4LXXXGP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E4LXXXGP has 103 machine instructions. Refer 


to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E4LXXXGP writing to PROM order confirmation 
form 

(2) 80P6S mark specification form 

(3) ROM data (EPROM 8 sets) 





cr —meDamp EEE eee EP ee aap GaP G==e aa «ew ™ 

j Function check in target device | 

L_ =e Ue EP Ee re EE le We se GE 060 J 

Caution : Never expose to 150C exceeding 100 
hours. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions Ratings Unit 


Analog supply voltage —O.3~ 7 














Input voltage RESET, CNVss, BYTE —0.3~12(Note 1) 


Input voltage PQg~P07, P19~P17, P29 ~P27, P38p~P3s, 
P49~P4,, P59~P5r, P69~~ P6z, P79~P7z, —Q. 3~Voc +0. 3 V 
P8 9~P87, Vrer, Xin 


Output voltage PO p~P07, Plo~P17, P29~P27, P3p~P3sz, 


P85~P87, Xour, E 























Power dissipation 


Operating temperature 
Storage temperature 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 





RECOMMENDED OPERATING CONDITIONS (Vcc=2.7~5. 5v, Ta=—40~85°, unless otherwise noted) 


Limits 


Parameter 7 
: Typ. 
Supply voltage 2.7 


Analog supply voltage 


























Supply voltage 








Analog supply voltage 
High-level input voltage POg~ P07, P39~P33, P49 ~P4z, 
P59~ P57, P69~ P67, P79~P77, 
P89~P87, Xin, RESET, CNV¢sg, 
BYTE 
High-level input voltage P1p~P17, P29~P27 
(in single-chip mode) 
High-level input voltage P1p~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 
T Low-level input voltage PQ o~P07, P39~P33, P4p~P47, 
P59~P57, P69~P67, P79 ~P77, 
P89~P87, Xin, RESET, CNVgs, 
BYTE 
| Low-level input voltage P1g~P17, P29~P27 
(in single-chip mode) 
| Low-level input voltage P1o~P17, P2o~P2; 
(in memory expansion mode and 











~~ 

















microprocessor mode) 








High-level peak output current PQg~P07, Plo~P17, P2o~P27, 
lon(peak) P39~ P33, P4p~P47, P5o~ P57, 

P69~ P67, P7>~P77, P89~ P87 
High-level average output current POg~P07, Plo~P17, P2o~P27, 
lon(avg) P39~P33, P49 ~P47, P5g~P57, 

P69~P67, P79>~P77, P89~P87 
Low-level peak output current POg~P07, P1o~P17, P29~P27, 
lou( peak) P39~P33, P4o~P47, P5p~P57, 

all P69~P67, P79 ~P77, P89~P87 

Low-level average output current PQg~P07, Plo~P17, P2o~ P27, 
lo-(avg) P39~ P33, P4p~ P47, P59~ P57, 
P69~ P67, P7p>~P77, P89~ P87 








= de 





——— 



































f(Xin) External clock frequency input 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon( peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin)=8MHz, unless otherwise noted) 


Symbol Parameter Test conditions 
High- | output volt POo~ P07, Plo~P17, P29~P2z, 
igh-level output voltage PQ, 7 0 7 0 7 Vss=5y 152 10ia 
P3o, P3i, P33, P4p~ P4,, 


P5o~ P57, P69~ P67, P7o~ P77, 
P8o~ P87 
High-level output voltage PO 9~P07, Plg~P17, P2o~P27, 


Vec=5V, loy=— 400A 
Vou P3,, P3;, P3g cc OH fe 









Limits 
Typ 


G 
= 
- 
















3 
Vou 
Vec=3V, lon=—1ImA 2.5 










Voc™=5V, lon=—10mA 
Voc=5V, lon=—400uA 
Vec=3V, lonx=—ImA 

Voc=5V, lon=—10mA 


Vec=5V, lox= —400uA 


Voc=3V, lon= —ImA 


High-level output voltage P32 








SS |) oe : 
M)/ao;l—} ~w 


High-level output voltage E 





DS) Ww 
O)|oO| 




























Low-level output voltage PQ 9~P07, Plp~P17, P29~P27, 
P3o, P3,, P33, P4p~ P4,, 

P59~ P57, P69~ P67, P7o~ P77, 
P8o~ P87 
Low-level output voltage PO9~P07, P19p~P17, P29~P27, 
P39, P31, P33 


Vec=5V, lop =1 OmA 





























Voc=3V, loL=1 mA 


io) 
on 


e2° 












Voc =5V, lop=2mA 
















Voc=5V, lop =10mA 
Voec=5V, lor =2mA 
Voc=3V, lop =1mA 
Voc=5V, lop =10mA 


Voc=5V, lop =2mA 
Voc=3V, loL=1mMA 









VoL Low-level output voltage P3, 4 
























oO 
Oo a 
& |W 
De] 










Vien Low-level output voltage E 





Hysteresis HOLD, RDY, TAQ~TA4in, TBOw~TB2in, 


vee—v._ | Hysteresis RESET 0.2 05 | 
—Vr- steresis 
ens 0.1 0.4 


: 0.1 0.3 
Vr+4+—Vy— | Hysteresis Xiw 





‘ 


oO 
—N 
i 





Vec=3V 

















High-level input current POg~PO07, Plp~P17, P2p~P2;, 
P39~P33, P4o>~P47, PS~P5r, 
P69~P67, P7>~P77, P89~ P87, 

Xin, RESET, CNVss, BYTE 
“eee input current P0p~P07, P1p~P17, P2p~P2,, 
P3y~P33, P4g~P47, P5y~P5y, 
P6y~P67, P7>~P77, P8y~P8;, 
Xin, RESET, CNVgs, BYTE 


Voec=5V, V=5V 













Voc=3V, Vi=3V 



















Voc=5V, V.=0V 








hie 





Vec=3V, V,=0V 








RAM hold voltage When clock is stopped. 2 


a 
f(Xin)=8MHz, | Voc=5V 6 = a2 ra 
square waveform | Voo=3v | | 4 | SB | 


Ta=25C when clock is 
stopped. 
R uA 
Ta=85C when clock is 20 
stopped. 











In single-chip 
mode output 










only pin is open 









Power supply current and other pins 


are Vss during 





reset. 














Symbol , Parameter Test conditions 


Ladder resistance Vrer= Voc — ka 
V 
Vrer | Vv 


Vrer Reference voltage 
Via Analog input voltage Vrer 
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TIMING REQUIREMENTS (Vcc=2.7~5.5V, Vss=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 
External clock input 


Symbol Parameter 








External clock input cycle time 





tw(H) 








twi) 


Parameter 











tsu(pop—e) Port PO input setup time 














tsu(p1D—E) Port P1 input setup time 














tsu(p20—E) Port P2 input setup time 


Port P3 input setup time 
Port P4 input setup time 


tsu(p5D—E) Port P5 input setup time 
tsu(pep—e) Port P6 input setup time 
Port P7 input setup time 


tsu(psp—e) Port P8 input setup time 







































































th(e—Pop) Port PO input hold time 











tht e—P1pD) Port P1 input hold time 











tht e—p2pd) Port P2 input hold time 


Port P3 input hold time 
Port P4 input hold time 
Port P5 input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 
























































Memory expansion mode and microprocessor mode 


Symbol Parameter 





tsu(P1D—e) Port P1 input setup time 











tsu(p2D—E) Port P2 input setup time 











tsu(RpY—¢,) | RDY input setup time 


HOLD input setup time 


th(e—P1D) Port P1 input hold time 

















th(e—p2D) Port P2 input hold time 











th(¢,—RbDyY) RDY input hold time 











th(¢,—HOLD) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


TAiy input cycle time 





TAiin input high-level pulse width 
TAiiy input low-level pulse width 





Timer A input (Gating input in timer mode) 


TAiiy input cycle time 
TAiww input high-level pulse width 
TAiin input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


Symbol Parameter 


TAin input cycle time 


TAi input high-level pulse width 
TAiin input low-level pulse width 
Timer A input (External trigger input in pulse width modulation mode) 


| 
Symbol Parameter 
Max. 


TAiwy input high-level pulse width 














Timer A input (Up-down input in event counter mode) 


Teas 

TAiour input high-level pulse width | 2500 

TAiour input low-level pulse width 2500 

TAiour input setup time 1000 ns 


th(tT-UP) TAiout input hold time 
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Timer B input (Count input in event counter mode) 


Symbol Parameter 


TBiw input cycle time (one edge count) 
TBijy input high-level pulse width (one edge count) 





TBijy input low-level pulse width (one edge count) 
TBi input cycle time (both edges count) 

TBiy input high-level pulse width (both edges count) 
TBiw input low-level pulse width (both edges count) 




















Timer B input (Pulse period measurement mode) 


Symbol Parameter 


tc(tB) TBiin input cycle time 





tw(TBH) TBiin input high-level pulse width 


TBiw input low-level pulse width 











Timer B input (Pulse width measurement mode) 


Limits 
Symbol Parameter Unit 
Min. Max. 


TBiy input cycle time 1000 Moc 
TBiw input high-level pulse width 500 
TBijy input low-level pulse width 500 

















A-D trigger input 


Limits 
Symbol Parameter Unit 
Min. 


ADrrg input cycle time (minimum allowable trigger) 2000 | ons 
ADrrc input low-level pulse width 250 | | ns 

















Serial 1/O 


Symbol Parameter 
to(ckK) CLKj input cycle time 


CLK; input high-level pulse width 
CLKj input low-level pulse width 
TxDj output delay time 


th(c—a@) TxDj hold time 





















































tsu(p—c) RxDj input setup time 


RxDj input hold time 




















External interrupt INTj input 


Symbol Parameter Unit 























tw(INH) input high-level pulse width 


ns 


tWOINL) input low-level pulse width 
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SWITCHING CHARACTERISTICS (Voc=2. 7~5. 5V, Vgg=0V, Ta=25C, f(Xiy)=8MHz, unless otherwise noted) 


Single-chip mode 







[wen | 
300 | ns 
73007 [ns 
300 [ns 
300 [ns 
300 [ns 
—s 
ad 
are 
ied 









Port PO data output delay time 
Port P1 data output delay time 


© 









W 
© 


Port P6 data output delay time 


td(eE—p7aQ) 


Ww 
© 


Ww 
© 


300 





W 
oO 
oO 

















i) 


1S) 
© 


Port P7 data output delay time 








td(e—psa) Port P8 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol 


HLDA output delay time 










Limits 








Parameter Test conditions Unit 





Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 




















on 

io) 
—, 
Ww 
oO 






oO bio 
jo) Oo}; oO 
W 





















A 

oO 
NO 
(jo) 




































td(aLe—e) ALE output delay time 

tw(ALe) ALE pulse width 

td(BHE—E) BHE output delay time Fig. 5 
R/W output delay time 50 

td(e—¢,) 1 output delay time | 0 |} 40 | 

th(e—Poa) Port PO address hold time 

th(aLe—pia) | Port P1 address hold time (BYTE="L”) He Oea/te - <1 

th(e—P1a) Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 











Port P1 address hold time (BYTE=“H”) 

Port P2 data hold time 
Port P2 floating release delay time 

E pulse width 








N 
it o| oO o1 
7) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter 


td(poa—e) 


td(e—P1aQ) 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 





tpxz(e—p1z) 





Port P1 floating start delay time (BYTE=“L”) 





td(p1a—e) 


Port P1 address output delay time 


Port P1 address output delay time 


td(eE—p2aq) 


tpxZ(e—pe2z) | 


Port P2 data output delay time 





Port P2 floating start delay time 





td(p2a—e) 





Port P2 address output delay time 





td(Pp2a—ALE) 


Port P2 address output delay time 





td(64—HLDA) |. 





HLDA output delay time 





td(aLe—e) 


ALE output delay time 





tW(ALE) 


td(BHE—E) 


ALE pulse width 
BHE output delay time 








td(R/w—e) 





R/W output delay time 





td(e—¢,) 


th(e—Poa) 


¢1 output delay time 
Port PO address hold time 





th(aALE—P1a) 





Port P1 address hold time (BYTE=“L”) 





th(e—p1a) 


Port P1 data hold time (BYTE=“L”) 





tpzx(e—p1z) 
th(e—p1a) 
th( ALE--P2a) 


th(e—p2a) 


Port P1 floating release delay time (BYTE=“L”) 


Port P1 address hold time (BYTE=“H") 


Port P2 address hold time 
Port P2 data hold time 





tpzx(e—pez) | Port P2 floating release delay time 


th(e—BHE) BHE hold time 


th(e—r/w) 


tW(eEL) 





R/W hold time 
E pulse width 


Fig. 5 Testing circuit for ports PO~P8, ¢, 


Test conditions 
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TIMING DIAGRAM _ tr i t 
Single-chip mode . win) tw) 
(Xin) 
E 
nay tdie—poq) 
Port PO output |X 
tsu(Poo—e) = 
Port PO input re thie—Ppop) 
tdie-Piq) 
Port P1 output |X 
tsu(P10—e) 
a 
Port P1 input icy thie—pip) 
ng tdie—p2q) 
Port P2 output B. 
tsu(p20—€) 
— 
Port P2 input Lc thie—p2p) 
nag tdie—p3q) 
Port P3 output | X 
t | 
SU(P30—E) —4 
Port P3 input x thie—p30) 
| tdi(e—paq) 
Port P4 output x 
tsu(pap—e) paula 
Port P4 input Le) thie—pap) 
nal tdi(e—Psa) 
Port P5 output x 
tsu(pso—e) — 
Port PS5 input ie th(e—psp) 
td(e—pea) 
Port P6 output e, 
tsu(p6o—€) a 
Port P6 input thee eea) 
bag td(e—p7a) 
Port P7 output - x 
tsu(p7D—-E) 
Port P7 input |) thieeerD) 
| td(e—psa) 
Port P8 output x 
tsu(pap—e) pau 
Port P8 input th(e—psp) 
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toi ta) 


TAin input 






tw(uPH) 


TAiour !nput 


TAiour input 
(Up-down input) ( 


in Event counter mode 


TAi,y input 


(When count by falling) 


(When count by rising) 


te(tB) 
tw(TBH) 
TBiw input 
twiteL) 
tcvap) 
ADrrac input 
teick) 
CLK; 
| tsuio—c) thic-o) 
la ae aca | 
RxD; 


tWanc: 





INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 


mi 
~ 


RDY input 


(When wait bit = “0”) 


gy 


RDY input 


tsu(rpy—¢,)} thi ¢i—rpy) 


(When wait bit = “1” or “0” in common) 


va 


thi¢;—HOLo) 


tsu(HOLo—¢,) 


HOLD input 







td(,—-HLDA) td(¢,—-HLDA) 


HLDA output 


Test conditions 

* Voc = 2.7~5. 5V 

- Input timing voltage <> Vi, = 0. 2Vec, Vin = 0. 8Vcc 
- Output timing voltage : Vo, = 0. 8V, Von = 2. 0V 
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Memory expansion mode and microprocessor mode (When wait bit="1") 





) 
t _ 
alee? die-¢,) 
E <<. 
were 
(Ag~A7) 
(Ag~Ai5/Dg~Dys5) r 


ewes) 


tpzx(e—P12) 


- 
= 
> 
a 
m 
B 
> 

Ik 


— Address 
(BYTE="L") 


tdipia—e) 





(Ag~Ais) 
(BYTE=“H") | 
a 


> 
Q 
Qa. 
“~ 
o 
ed 
n 
“a 


rae) 
a peasy thie-prp) 


ud aaa hese tpzx(e—p2z) 
ddress e eS tee — l Address 


tsu(p20—e) 


thi e— 
— ni €—-Pp2o0) 


Port P1 input 


e{h 

m 

i 

Uv 

nm 

S 
i 


Port P2 output 
(Aie~Az3/Do~ D;) 


Port P2 input 


twiAace) 
. tdiace—e) 
Port P3. output 
(ALE) 


(BHE) 


tdir/w-e) 


thie-aw) 
Port P3, output 


(R/W) 


Test conditions 
*Voc=2. 7~5.5V 
* Output timing voltage > Vo_=0. 8V, Von=2. OV 


* Ports P1, P2 input : Vii=0. 16Vcc; Vin=0. 5Vcc 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 
tc 
(Xin) | J 


die— 4,) 
He 4) 


Port PO output 


Address Address 


f 
ayes 


ein 
eh 


(Ag™~Az) Le 

thi aLce—P1a) tozx(e—P1z) 
ile = xSEnI 
( BYTE=" L” ) 


LAN 






td(e—P19) 





td (P1A—ALE) 


thie—p 1a) tdip1a—E) © 


Address eS 


li 


Port P1 output 
(As~ Ais) 


Address 
(BYTE=“H”") 


— thie—P1p) 
ae tozx(e—P2z) 


Port P2 output 
(Ayg~Ap3/Do~D7) Der) ' Address 
tsu(p20-e) 
ee (P2A—E) thie—P2p) 
d( P2A—ALE) 
Port P2 input 
tt 
tdi ace—e) 
Port P3,. output 
(ALE) 


Lili 


Port P1 input 


thi ace—p2a) ia 
h ros Eon 


ca 
qH 
| 









a 
thie- BHeE) 
ce a SON © SURO 
(BHE) 
tdi rw-e) 
thie- Aavw 


Port P3o output 
(R/W) 


Test conditions 

*Vec=2. 7~5. 5V 

* Output timing voltage * Vo. =0. 8V, Von =2. OV 

* Ports P1, P2 input > Vic =0. 16Vcc, Vin=0. 5Vec 
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DESCRIPTION 

The M37702E6BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 


PIN CONFIGURATION (TOP VIEW) 





g s 
‘4 é . 3 - NO YT YN O = vp 4 rat rat 
tures of this chip are similar to those of the M37702M6BXXXFP E c Z < Z R < Ane O 0 c & 
except that this chip has a 48K-byte PROM built in. eS OSS BS ES SS SAS 
; ; ooagoa080>¢>¢€>0000 
This single-chip microcomputer has a large 16M bytes rrtttd | ttt 
address space, three instruction queue buffers, and two ad 69) [ea] [67] [og] 
data buffers for high-speed instruction execution. The CPU P7o/ANo + [1] e) [64] +» P8,/CTS,/RTS, 
is a 16-bit parallel processor that can also be switched to Syl Ps ane se 
A : ; . : P06 IN 6X 
perform 8-bit parallel processing. This microcomputer is P6;/TBOy +> [4] 61] +> P8,/T,D, 
suitable for office, business and industrial equipment con- P6,/INT2 +* [5] 60] +* POo/Ag 
, P63/INT, +> [6] +> PO,/Ay 
troller that require high-speed processing of large data. P6,/INTo +* +> P0,/A, 
Since general purpose PROM writers can be used for the P6,/TA4in + 8. = 57] + P03/Ag 
ee tes : P6o/TA4our +* [2] wo +> P04/A4 
ola PROM, this chip is Sulap Ie for small quantity ee P5_/TAS3.y + [10 N B] <> POs/A. 
duction runs. The M37702E6BFS with erasable ROM that is P5g/TASour + 1] Se +> P0¢/Ag 
housed in a windowed ceramic LCC is also provided. Pos/TA2w * ml => PO;/Ay 
P5,/TA2out ** ue) +> P1,/As/Dg 
P59/TA1 iy +> [14] = +> P1,/Ag/Dg 
DISTINCTIVE FEATURES P52/TAtour + S< + Pla/Aro/D1o 
Pa Fence ng pucioan sonsadiammnrmabeea ne eebauee PO1/TAQn + 116 at > PA3/Ay4/D44 
@ Number of basic instructions 103 P5o/TAQ our + U a] > Pta/Aqo/Da> 
@ Memory size PB OMM is eset specter as sanense ran 48K bytes P4>/DBC* ++ [18 +> P1s/Ay3/Di3 
ole Rel dd Tete alec dates d Gee alulowas ete P4_/VPA* +> 46] > PI6/Ay4/D44 
vane ete byles P4./VDA* +> +> Pt7/Ay5/Di5 
@ Instruction execution time P4,/QCL* +> . +> P2o/Ay/Do 
The fastest instruction at 25 MHz frequency ------*: 160ns aha WS a) Hee cau 
. +> [23 AS | oe PP af /D. 
r Single power supply REESE CAMEEG ASE ae eee eI 5V+10% P4,/RDY oe 1] ay Pp? /A../D, 
@ Low power dissipation (at 25 MHz frequency) 
LDN epcenc Race wan ba MALE bo ase Ue Sena ete Ry he Bees 95mW (Typ.) 1] Poked rea bet t4 
et Ww w © 2 ost 
@ Interrupts PERL ee Ree OR ee RE RC ee ee et rr 19 types 7 levels : FE ain 7 au S C a|z'§ fe) fe) ) = 
‘ , are x< NTIS S Fs gs 
@ Multiple function 16-bit timers 5+3 2 S| Soa eiics 
So - © 0 + 
@ UART (may also be synchronous) sist 2 nf aan SE NENES 
@ 8-bit A-D Converter ssi 8-channel inputs Outline 80P6N-A 
@ 12-bit watchdog timer * : Used in the evaluation chip mode only 
@ Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)--:s 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 

(1) Do not use the M37702E6BFS for mass prodution, be- 
cause it is a tool for program development (for 
evaluation). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 
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M37702E6BXXXFP BLOCK DIAGRAM Reference Bus width 








Clock input Clock output Enable output Reset input (5V) oe OV; (5V) voltage input selection input 
Kis Xour E ew Vee CNVsg AVoc _ Vaer BYTE 
Instruction Register (8) 







































21607 oHewYYy 
(QL)¥ soyejnuiNooy 
(9|)g soyeinNDoY 
(g)10 seysiBey yueg BEG 

(8) aq 4ayng eeQ 
(8)"aq saying eyeq 


=i 
(2) 
ton 
oO 
3 
c) 
| 
er 
) 
nd 
“— 
RO 
SS 
~~ 


(p2) va 1918169y ssouppy Beg [————— 
(p2) Vd sa1s!IBey sseuppy weiboig Seen 








(LL)Sd saisIBay snyeig s0sse00ld 





(91) a! 4e1s15ey JeyNg Indu} 
(8)Dd 4aysiBay yueg WesBOld 
(pZ) sa}UaWaI9aQ /JaUaWa/DU} 
(8) saying ananH uoKRonsjsu| 
(8)0D seyNg enaNnH uoNoNysu} 





(91)xX 40}s150y xepuy 
(OL)A 40}s16ey xopul 
(QL)S 40}UIOd 49BIS 
(QL)dda Ja\siBay eBeg ya11q 





(91)Od 493UNDD WesBOldg 
SI (8)'® s943Ng aNaNH UOHONAsU| 


Timer TA3(16) | {Watchdog Timer | 
PROM Timer TA2(16) Timer TB2(16) 
48K Bytes 2048 Bytes _ Timer TA1(16) Timer TB1(16) UART 1(9) 

Timer TAO(16) Timer TBO(16) UART 0(9) A-D Converter(8) 


LEL be Labit - SL4at fi Lit 7 Lit ft ft 
ces a sa aa SU 2: Rae eS ee ee ee 


Cy Ut i 










sng sseippy 
(PpO)sng ejeq 
(uaaq)sng eyeq 








: 


46162163: 64165: G6: G7: 681417519) 77108) 79°80) POS DAHON Laeoueey 194945 (DAP 192021 eae eee 639A) MOOD € Racked 1696960-— —~ ———__— 
—___._—___~_" YY 
Input/Output Input/Output Tae Ta On pan ree fpav out Input/Output Input/Output paren rr 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 
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FUNCTIONS OF M37702E6BXXXFP 






103 
160ns (the fastest instruction at external clock 25MHz frequency) 
48K bytes 


2048 bytes 














Number of basic instructions 





























Instruction execution time 



















PROM 
RAM 








Memory size 










































PO~P2, P4~P8 8 -bitX 8 
Input/Output ports 
P3 4 -bitx | 
| TAO, TA1, TA2, TA3, TA4 16-bitx 5 
Multi-function timers 













16-bitX 3 
(UART or clock synchronous serial 1/O) X2 
8 -bitX 1 (8 channels) 

12-bitX 1 


3 external types, 16 internal types 


TBO, TBI, TB2 



















Serial |/O 


A-D converter 











































Watchdog timer 


















Interrupts : 5 lt 
P (Each interrupt can be set the priority levels to 0 ~ 7.) 



















Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 
95mW(at external clock 25MHz frequency) 


Clock generating circuit 

















Supply voltage 











Power dissipation 











Input/Output voltage 


| Output current 











Input/Output characteristic 



















Memory expansion Maximum 16M bytes 














Operating temperature range 














Device structure CMOS high-performance silicon gate process 


M37702E6BXXXFP 80-pin plastic molded QFP 


M37702E6BFS 80-pin ceramic LCC (with a window) 




























Package 
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PIN DESCRIPTION (NORMAL MODE) 


Input/Output Functions 
Voc, Vss Power supply 


Supply 5 V#10% to Vcc and 0 V to Vgsg. 


CNVss CNVszg input Input This pin controls the processor mode. Connect to Vss for single-chip mode. 
Reset input a 


XIN Clock input , Input | 
Xout Clock output Output 
Enable output Output 


Bus width selection input 











a 
m 
“” 
m 
— 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 







Data or instruction read and data write are performed when output from this pin is “L”. 
















BYTE In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





AVcc, AVss_ | Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVsgsg to Vsg externally. 


Vrer Reference voltage input input This is reference voltage input pin for the A-D converter. 


1/O port PO In single-chip mode, port PO becomes an 8-bit I/O port. An |/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 













1/O port P1 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Di5~Dg)is input or output when E output is “L” and an address (A;s~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(Ajs~Ag)is output. 


P29~P27 I/O port P2 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dp) is input or output when E output is “L” and an address(Az3~ Aj6) is 
output when E output is “H”. 





P39~P33 1/0 port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





P49~ P47 1/O port P4 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be program- 
med for ¢; output pin divided the clock to Xn pin by 2. In microprocessor mode, P42 always has the func- 
tion as $, output pin. 








1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 


pins for timer AO, timer A1, timer A2, and timer A3. 





1/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer A4, external interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. 





1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 








P89~ P87 1/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


Pin Name Input/Output Functions 


| 
Voc, Vss Power supply Supply 5 V+10% to Vcc and 0 V to Vgs. 























CNVss Vpp input Input Connect to Vpp when programming or verifing. 











BYTE Vpp input Input Connect to Vpp when programming or verifing. 








as 
RESET Reset input Input Connect to Vgs. 

















i hee 
XIN Clock input Input Connect a ceramic resonator between Xiy and Xour. 








Clock output Output 














Enable output Output Keep open. 

















A-D power supply Input | Connect AVcc to Vcc and AVgg to Vgs. 











Reference voltage input Input Connect to Vss. 

















Address input (Ag~A7) Input Port PO functions as the lower 8 bits address input (Ap~A7). 











; T 
Address input (Ag~Aj5) Input Port P1 functions as the higher 8 bits address input (Ag~Ajs). 














P39~P33 Input port P3 Connect to Vgs. 
Input port P4 Connect to Vsgs. 
‘0 


P29~P27 Data I/O (Do~D7) 1/0 Port P2 functions as the 8 bits data bus (Dp~D7). 
P 





P59~P57 Control signal input P5o, P5; and P5» function as PGM, OE and CE input pin. 
Connect P53, P54, P5s and P5g¢ to Vcc. Connect P57 to Vss. 
Input port P6 Connect to Vgs. 


P 
P7o~P77 Input port P7 Connect to Vgs. 



































P89~P87 Input port P8 Connect to Vgs. 
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BASIC FUNCTION BLOCKS 

The M37702E6BXXXFP has the same functions as the 
M37702M2BXXXFP except for the following : 

(1) The built-in ROM is PROM. 

(2) The ROM size is 48K bytes. 

(3) The RAM size is 2048 bytes. 

Therefore, refer to the section on the M37702M2BXXxXFP. 


MEMORY 


The memory map is shown in Figure 1. 


000000, 6 _ 0000001. 
00007 Fi. 
000080:. 


Bank 01. Internal RAM Peripheral devices 


2048 bytes control registers 
OOFFFFie 


01000016 
; 00087F;, 


Bank lis 


O1FFFFi¢ 


004000;¢ 
Interrupt vector table 


A-D conversion 


UART1 transmission 
UART1 receive 
UARTO transmission 
UARTO receive 
Timer B2 
Internal ROM ee 
48K bytes 
FE0000r 
Bank FE; Timer A1 


FEF os INGE a 
artis | wt 
a INTo 
Watchdog timer 


Bank FFi, \ 


OOFFD646 \ BRK instruction 


\ Zero divide 
FFFFFFi¢ OOFFFFig 





Fig. 1 Memory map — 
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EPROM MODE 

The M37702E6BXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 2 shows 
the pin connections in the EPROM mode. 

EPROM mode is the 1M mode for the EPROM that is 
equivalent to the M5M27C101K. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5p, 
CNVss and BYTE are used for the EPROM (equivalent to 


++ P77/AN7/ADrre 


|B | — P7,/AN, 
++ P7>/AN> 
<> P73/AN3 
+> P74/ANg 
- P75/ANs 
++ P7¢6/ANe 


3 | 
wo 
~~ 
fos) 


P7o/ANy +L 
P6,/TB2in [2 
P6./TB1 ny > 3 
zl 


P60/TA4out 9 | 

P57/TA3in +> L9} 

P56/TA3 our + LY 

P56/TA2in 

P5,/TA2ouyr 

P53/TA1 ny +> [4 
CCE}>——— P5/ TAlour 
CoeE)>—————— P5,, /TAOn, + 
ean) P5./TAQout ~ 


P4, + 

P4, + 

P4, + 
P4o/h4 ++ 
P4,/RDY + 


Nm 
Ei 


P4)/HOLD ++ 


Outline 80P6N-A 


dixXxxa9ac0ZZewn 


Ww 
Ww 
Ww 
> 





P33/HLDA <+ 
P30/ALE <> 


the M5M27C101K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 14000,,~ 1FFFF,, for the M37702E6B- 
XXXFP. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj pin and Xour pin. 


— P8, /CLKo 
1B} <> P82/RxDo 


EA 


1/3 }<++ P89/CTSo/RTSo 
<<. P83/TxDo 


iS] 


164] +> P8,/CTS,/RTS, 
- P8;/CLK, 
— P8.6/RxDj; 
ad P87/TxDj 
++ P0o/Ao 
++ P0,/A, 
+> P02/A2 
=. P03/A3 
+> P0,4/A,4 
+> PO;/As 
sor P0¢/Ag 
+> P0O7/A7 
+> P1/As/Ds-——— Ga 
+> P1,/Ag/Dg—— ©) 
> PI o/ Ay9/D1g ——— ar) 
> Pt 3/Ay3/D1437-—— 
> P1,4/A;2/D 42 A; 
> P1./A;3/D43 
<> P16/A;4/Dy4——ar) 
+ P13/Ay5/D45 a5) 
+> P2/A1¢/Dp ———_00) 
= P2,/A,7/D, op) 
iad P2./A1g/Dz2——-—_o 

ai] +> P23/Ay9/D3 —--——*03) 


Ei 
on 
WwW 
Ei 
Ww 
[S] 
Ww 
[S| 
w 
3 | 


P39/R/W <> 


oz) P27/A23/D7 <> 


P3,/BHE «+ 
P24/A29/D4 paket 3 | 


os )——— P2s5/A21/Ds5 ++ 


C4 


@s)>——— P26/A22/Dg + 


* : Connect to ceramic oscillation circuit. 
C >) : Same functions as M5M27C101K. 


Fig. 2. Pin connection in EPROM programming mode (1M mode) 
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Table 1 Pin function in EPROM mode Writing operation 
MS7TO2E6BXXXFP | _ M5M27C101K To program the M37702E6BXXXFP, first set Voc=6V, Vep= 
12.5V, and set the address to 14000;¢. Apply a 0.2ms write 
CNVs.5, BYTE pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
Ports PO,P1 | == AoA pulse and checking that the data can be read until it can 
Port P2 be read OK. Record the accumulated number of pulse ap- 





plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 

When this series of write operations is complete, increment 


FUNCTION IN EPROM MODE the address, and continue to repeat the procedure above 


4M mode (equivalent to the M5M27C101 K) Upit the last address has been reached. 
. Finally, when all addresses have been written, read with 


Voc= Vpp= 5V( or Voc=Vpp= 5.5V) ‘ 








Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj,;) to be read, and the 
data will be output to the I/O pins Do ~Dy7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Table 2 I/O signal in each mode 















Pin , 
CE ; OE |PGM| Vpp | Voc Data 1/O 


ed =| 



























Read-out Vit Vin X 5 Vi 5V Output 
a Output val: x | 5v | 5v | Floatin 
Writing ae Si ee S 
re F ‘ : Is j j 
Writing must be performed in 8 bits by a byte program. To al a +- Se ee eetiig 
Programming! Vir Input 





write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ap~Ajs5, and the data to 
be written is input to pins Dpo~D7. Set the PGM pin to a “L” 
level to being writing. 


Programming 
Verify Vie Vit Vin 12. 5V 6V Output 


Program Disable| Vin | Vin | Vin [12.5V| 6V | Floating — 


Note 1 : An X indicates either V,, or Viu. 























Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cni. (M37702E6BFS) 


Program operation (equivalent to the M5M27C101K) 

AC ELECTRICAL CHARACTERISTICS (Tag=25+5C, Vec=6VH0. 25V, Vpp=12. 540. 3V, unless otherwise noted) 

Limits 
Typ. 





Symbol Parameter Test conditions 














Address setup time 











OE setup time 














Data setup time 
Address hold time 
Data hold time 
































Output enable to output float delay 








Vcc setup time 














Vpp setup time 
PGM pulse width 
PGM over program pulse width 
































CE setup time 
Data valid from OE 























see | ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37702E6BXXXFP 
M37702E6BFS 


PROM VERSION of M37702M6BXXXFP 





AC waveforms 


PROGRAM VERIFY 
Vi 
Vin 
tas taH 
Vin/Vor 





me ye 
tore 
ta 


Voc pal 
Voc 
Voc 
pote Vin 
CE 
° ae 
Vin i 
ee ert ae 
Vin 








OE 


Test conditions for A.C. characteristics 
Input voltage : V,, =0.45V, Viy¥=2.4V 
Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 


START “L°=0.8V, “H"=2V 


ADDR=FIRST LOCATION 


Programming algorithm flow chart 


Vec=6.0V 
Vpp=12.5V 









0 


PROGRAM ONE PULSE OF 0.2ms 
X=X-+1 


<> YES 
FAIL DEVICE 
FAILED 


PASS 


PROGRAM PULSE OF | 
0.2Nms DURATION 





INCREMENT ADDR 


LAST ADDR” 
YES 
Voc=Vpp= *5.0V 


VERIFY FAIL 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *45V <Voc=Vpp<5.5V 


i 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal 
or other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and 
may affect badly the erasure capability (ceramic pack- 
age product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(5) The programmable M37702E6BFP that is shipped in 
blank is also provided. For the M37702E6BFP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. | 


Writing with PROM writer - 


Screening 













(Caution) 





(Leave at 150°C for 40 hours) 


Verify test with PROM writer 





ADDRESSING MODES 

The M37702E6BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E6BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E6BXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

ROM data (EPROM 3 sets) 


@ 
~~ 





ra Ot eat Se ge ee mal 
| - Function check in target device | 
L —_eEEePe aT aE Pe ee ee eee eee ee ee ee J 
Caution : Never expose to 150°C exceeding 100 hours. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter: 





Supply voltage 








Analog supply voltage 


Input voltage RESET, CNVss, BYTE 
Input voltage POg~PO7, Pig~P17, P29>~P27, P39 ~P33, 
P49~P4;, P5p~P57, P6y~P67, P7>~P77, 
P8o~P8, Vrer, Xin 
Output voltage POg~PO07, Pig ~P17, P29 ~P27, P39~P3s, 
P49~P47, P5g~P57, P6g~P67, P79 ~P77, 


P89~ P87, Xour, E 








Conditions 























Note1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 























RECOMMENDED OPERATING CONDITIONS (vVcc=5v+10%, Ta=—20~85T, unless otherwise noted) 


Symbol 


Voc 
Vss 
Vin 


Parameter 





Supply voltage 
Analog supply voltage 
Supply voltage 





Analog supply voltage 





High-level input voltage POg~P07, P39~P33, P49~P4z, 
P59~ P57, P69~P6,, P79~P77, 
P8&~P87, Xin, RESET, CNVss, 
BYTE 





0. 8Vcc 








High-level input voltage P1p~P17, P29~P2; 
(in single-chip mode) 





High-level input voltage Pigp~P17, P29~P27 


microprocessor mode) 





0. 8Vocc 


(in memory expansion mode and " 5Vcc 














lon( peak) 


lon(avg) 





lot( peak) 


lor(avg) 





Low-level input voltage POg~P07, P39~P33, P49 ~P4;, 
P5o~P57, P69~P67, P79~P77, 
P89~P87, Xin, RESET, CNVsgs, 
BYTE 

Low-level input voltage Pip~P17, P29~P27 
(in single-chip mode) 





Low-level input voltage P19~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 





High-level peak output current POg~P07, Plo~P17, P29~P2z, 
P39~P33, P4g~P47, P5p~P5z, 
P69~ P67, P7o~P77, P89~P87 
High-level average output current POg~PO07, Plop~P17, P29~P27, 
P39~P33, P49 ~P47, P5p~P57, 
P69~P67, P79~P77, P89 ~P87 
Low-level peak output current POg~P07, P1g~P17, P29~P27, 
P39~P33, P4o~P47, P59~P57, 
P69~P67, P7o~P77, P89>~P87 
Low-level average output current POo~PO07, Plo~P17, P29~P27, 
P39~P33, P4p~P47, P5o~P5z, 
P69~P67, P7p~P77, P89~ P87 
External clock frequency input 


























Note 2. Average output current is the average value of a 100ms interval. 


3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =25MHz, unless otherwise noted) 








Vou 


Symbol 


Parameter Test conditions 


High-level output voltage PO g~P07, P1l9o~P17, P29~P2;, 





Von 


High-level output voltage POg~P07, Pig ~P17, P29~P27, 
lon=—400nA 4.7 V 
High-level output voltage P3, 


High-level output voltage E 

























Low-level output voltage PO9~P0Q7, P19 ~P17, P29~P27, 


Low-level output voltage POg~P07, P1p~P17, P29~P27, 


Low-level output voltage P3, 


Low-level output voltage E 









P39, P31, P33, P4o~ P47, 
P5o~ P57, P6o~ P67, P79~P7z, 
P89~ P87 










lox=—1 OmA 








lox=—1 OmA 


lonx=—400uA 
lon= —10mA 
lon= — 400 A 


ae 
— 



















P3o, P33, P33, P49~ P4,, 
P5o~ P57, P69~ P67, P7o~P77, 
P85~ P87 


lop=1 OmA 








P39, P31, P33 














Hysteresis HOLD, RDY, TAO n~TA4in, TBO w~ TB2n, 





Hysteresis RESET 





Hysteresis Xin 














RAM hold voltage 





Symbol 


Power supply current 

















INTo~INTo, AD+tre, CTSo, CTS), CLKo, CLK; 


High-level input current PQo~P07, P1o~P1, P29~P2;, 


Low-level input current POg~P07, Plg~P17, P29~P2;, 











Parameter Test conditions 


—< Absolute accuracy 
Riapper | Ladder resistance 
tconv Conversion time 























P39 P33, P49~P4,, P59~ P57, 
P6)~P6;, P79~P77, P8~P87, 
Xin, RESET, CNVsg, BYTE 














P39~ P33, P4)~P4,, P59~P57, 
P69~ P67, P7p>~P77, P89~P87, 
Xin, RESET, CNVss, BYTE 

























When clock is stopped. 








f( Xin) =25MHz, 

square waveform 
Ta=25°C when clock 
is stopped. 
Ta=85C when clock 
is stopped. 







In single-chip mode 19 38 





output only pin is 
open and other pins 
are Vsg during reset. 


















Min. Typ. sae] ont | 
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TIMING REQUIREMENTS (Vec=5V+10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
External clock input 


Parameter 











External clock input cycle time 








External clock input high-level pulse width 





External clock input low-level pulse width 
External clock rise time 





External clock fall time 





Single-chip mode 


Limits 
Symbol Parameter 














tsu(pop—e) Port PO input setup time 


Port P1 input setup time 
Port P2 input setup time 


tsu(p30—e) Port P3 input setup time 


















































tsu(paD—e) Port P4 input setup time 














tsu(p5D—e) Port P5 input setup time 

















tsu(p6ep—e) Port P6 input setup time 


Port P7 input setup time 
Port P8 input setup time 


th(e—pob) Port PO input hold time 






































thi e—pip) Port P1 input hold time 











thi e—p2p) Port P2 input hold time 











th(e—Psb) Port P3 input hold time 


Port P4 input hold time 
Port P5 input hold time 


























Port P6 input hold time 


tht e—p7pD) Port P7 input hold time 
thc e—psp) Port P8 input hold time 


Memory expansion mode and microprocessor mode 























O};O;/O;O;/O(/O};O;/0O;0O 


Limits 
Min. Max. 
tsu(p1D—e) Port P1 input setup time 30 


Symbol Parameter 

















tsu(p2p—e) | Port P2 input setup time 30 














tsu(Rpy—¢,) | RDY input setup time 55 

















tsu(HoLD—¢,) | HOLD input setup time 55 ; 


Port P1 input hold time 
Port P2 input hold time 
RDY input hold time 

HOLD input hold time 




















MITSUBISHI 3—169 


MITSUBISHI MICROCOMPUTERS 


M37702EGBXXXFP 
M37702E6BFS 


PROM VERSION of M37702M6BXXXFP 





Timer A input (Count input in event counter mode) 


Symbol : Parameter | 
to(Ta) TAiy input cycle time feo | a 
tw(TAH) TAiyn input high-level pulse width | 4 | | ons | 

Min. 



















TAi input low-level pulse width 
Timer A input (Gating input in timer mode) 


Max. 

Symbol Parameter Mi 
ax. 

tc(ta) TAi;y input cycle time 320 


TAiwy input high-level pulse width 
TAi input low-level pulse width 
Timer A input (External trigger input in one-shot pulse mode) 


Limits 
Symbol Parameter - 


TAiin input cycle time 
TAiwy input high-level pulse width 
TAiy input low-level pulse width 





























Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter - 
tw(tTaH) TAiin input high-level pulse width 
tw(TAL) TAijn input low-level pulse width 


Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter 
Min. Max. 


TAiour input cycle time 
TAiour input high-level pulse width 
TAiour input low-level pulse width 
TAiout input setup time 
TAiour input hold time 
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Timer B input (Count input in event counter mode) 


Limits 
Symbol Parameter 


TBiy input cycle time (one edge count) | 80 | 
TBiy input high-level pulse width (one edge count) 40 
40 





TBijy input low-level pulse width (one edge count) 
TBi\y input cycle time (both edges count) 

TBiy input high-level pulse width (both edges count) 
TBiy input low-level pulse width (both edges count) 

















Timer B input (Pulse period measurement mode) 


Symbol Parameter 


tots) TBiy input cycle time 




















tw(tBH) TBiyy input high-level pulse width 


TBiyy input low-level pulse width 




















Timer B input (Pulse width measurement mode) 


Min. 


TBi\y input cycle time 


tw(tBH) TBiy input high-level pulse width 
tw(TBL) TBiyy input low-level pulse width 
A-D trigger input 


Limits 
Symbol Parameter ; 
tec(ap) ADtre input cycle time (minimum allowable trigger) 
tWwiad_L) ADtre input low-level pulse width 


Serial |/O 


Symbol p t Limits ciate 
mbo arameter ni 


CLK; input cycle time 200 | | ons | 
CLK; input high-level pulse width 100 | =—S | 
CLK; input low-level pulse width 100 | | ns | 
TxDj output delay time ae 
TxDj hold time [ 0- | ons | 
a 1 a TU 
i 1 a EO 



















































































External interrupt INTj input 


Symbol Parameter [Max ni 














INT; input high-level pulse width oe ee ae 
INT; input low-level pulse width 250 ons 
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SWITCHING CHARACTERISTICS (Voo=5V410%, Vss=0V, Ta=25C, f(Xin)=25MHz, unless otherwise noted) 
Single-chip mode 















Symbol Parameter Test conditions 


td(e—poa) Port PO data output delay time 


td(e—P1aQ) Port P1 data output delay time 











Port P2 data output delay time 














td(e—p2aq) 


td(e—psa) Port P3 data output delay time 








td(e—P4aq) 





Port P4 data output delay time 








td(e—psa) Port P5 data output delay time 








td(e—p6aq) Port P6 data output delay time 


Port P7 data output delay time 
td(e—psa) Port P8 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Limits 
Symbol Parameter Test conditions : 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 






































Port P1 address output delay time 
Port P2 address output delay time 


td( BHE—E) BHE output delay time 











td(rR/w—e) R/W output delay time 














) ?1 Output delay time 

Port PO address hold time 
th(ace—pia) | Port P1 address hold time (BYTE=“L”) 
th(e—p1Q) Port P1 data hold time (BYTE=“L”) 
tpzx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 


Port P1 address hold time (BYTE="H”) 


th(aLe—p2a) | Port P2 address hold time 





















































th(e—p2a) Port P2 data hold time 











tpzx(e—pez) | Port P2 floating release delay time 











th(eE—BHE) BHE hold time 








thte-RAW) R/W hold time 


tw(eL) E pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Test conditions 
Min. 
12 


Symbol 


td(poa—e) 


td(e—p1a) 
tpxz(e—piz) 


td(p1a—e) 








td(p1A—ALE) 


Parameter 





Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 
Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 











Port P1 address output delay time 





td(e—p2aq) 


Port P2 data output delay time 








tpxZ(e—p2z) 





td(p2a—e) 


Port P2 address output delay time 





td(P2A—ALE) 


Port P2 address output delay time 





HLDA output delay time 





td(¢ y—HLDA) 


td(aLeE—e) 


ALE output delay time 





tW(ALe) 


ALE pulse width 





td(BHE—E) 


BHE output delay time 





td(r/w—e) 


R/W output delay time 





th(e—poa) 


th(ALE—P1A) 


¢1 output delay time 
Port PO address hold time 
Port P1 address hold time (BYTE=“L”) 





th(e—p1a) 


Port P1 data hold time (BYTE=“L”) 





tpzx(e—Piz) 
th(e—P1a) 
th( ALE—p2a) 


th(e—p2a) 


Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
Port P2 address hold time 








Port P2 data hold time 





tpzx(e—p2z) 


th(e—BHE) 


Port P2 floating release delay time 
BHE hold time 
R/W hold time 
E pulse width 








Fig. 3 Testing circuit for ports PO~P8, ¢, 


Unit 
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TIMING DIAGRAM tr 4 te 


Single-chip mode Fa . pel twin) twiv) 
(Xin) rr, ¥ 


mi 


mg tdie—pog) 


Port PO output { 


tsu(poo—e) 


] 
s 


Port PO input thie con) 


td(e—pia) 
Port P1 output 


wl 


tsu(p1D—-e) pes 


Port P1 input thie—pip) 
= td(e—p2q) 
Port P2 output X 
| tsu(p20-€) 
Port P2 input iz thiespaG) 
ney tdi e—psa) 
Port P3 output Xx 
tsu(p30—€) 
|— 
Port P3 input | thie—pap) 
nang tdie—pag) 
Port P4 output x 
tsu(pan—e) = 
iz 
Port P4 input th(e—pap) 
aay td(e—Ppsa) 
Port P5 output Xx 
tsu(pso—e) -— 
Port P5 input ee thie—Pso) 
— | td(e—Pp6q) 
Port P6 output Xx 
tsu(p6ep—£) 
— 
Port P6 input _ th(e—pso) 
ae tdie—p7a) 
Port P7 output x 
tsuie70—e) pba 
Port P7 input thie—p70) 


tdie—psa) 


Port P8 output 












tsu(pao—e) 


Port P8 input 
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tei ta) 


TAiin input 


tecup) 


TAiour input 


TAiourt input 
(Up-down input) ( 


In Event counter mode 


TAiyy input 
(When count by falling) 
<> 


(When count by rising) 


to(tB) 






tw(rBH) 







TBin input 


te(an) 


twiadv) 





ADrrac input 


te(cK) 


| Ee ee 


a a: i 
| tsu(o—c) thic—p) 


a caeeiieniainns 


thic—a) 








RxDj 


INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


mi| 
~ 


RDY input 


(When wait bit = “0”) 


py 


m| 
~ 


RDY input 


tsu(Rpy—¢,)| thi ¢1—Roy) 


(When wait bit = “1” or “0” in common) 


$y 


th(¢;—HOLD) 


tsu(HoLD—4,) 


HOLD input 







td(4,;—HLDa) td(4,—HLDA) 


HLDA output 


| Test conditions 
* Voc= 5 VE10% 
-¢ Input timing voltage > V;.=1. 0V, Viy=4. OV 
* Output timing voltage * Vo. =0. BV, Von=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1") 


tf tr tc 


f( Xin) 


1 
tdie-¢;) tdie-¢,) 
E 


aay 
Prt ou aD freee TY 
(Ag~Az) = 


ee = texz.e—piz: tezx.e—P1z) 
(Ag~A5/Dg~Dy5) 
t td(p1a—e) 
leans Bae 


7 
a 


TE TT] 


~ 


— Address 


| ee 





» 


a 


ne Ca parm) 
(Ag~Ais) 
(BYTE="H") —t\ thie—pip? 
Port P1 input 

th(ace—p2a) in By texz(E—P 2z) tezx( €—Pp2z) 
rt 2 = Ap — “las 
(Aie~A23/Do~D7) | laine a tsu(p20-e) 


td(p2a—ace) 
td‘e-p2a) pea 
Port P2 input 


tW(ALe) 
td(aLe—e) 
Port P3, output 
(ALE) 


td( BHE-e) i 
Ss! ia ie 

(BHE) 
tdiavw-e) thie—ryw) 


Port P3, output 
(R/W) 
Test conditions 
*Vec= 5V+10% 
* Output timing voltage ° Vo. =0. 8V, Voy=2. OV 
* Ports P1,P2 input > Vi =0. 8V, Viy=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
(Xin) F 
y 
tdie—4,) t 
a twieL) ee 
= W(EL 


td(poa—e) 
rah ba — 
rere an 7 
( Ao™ Az ) 

me a tezx(e—-P1z) 


th(aLe—P1a) | 
Port P1 output 













ee { Address ( Address 
BYTE=“L” MN 
eS td(e—P1Q) 
td (P1A—ALE) 
th(e—p1a) 
Port P1 output aa panes 
ae ce aa 
(BYTE=“H") 
— thie—p1p) 
Port Pt input 
| th(aLe—p2a) 4+ >| tpzx(e—P2z) 
Port P2 output ( ae 
(Ayg~Az3/Do~ D7) } Address K Data | Maadress Address 
Paaeeh as a 
th(e—p2p) 
tdi p2a—ALe) — 
Port P2 input 
ned 


Port P32 output 
(ALE) 





td(BHE-e) 
ia th(—E—BHE) 


(BHE) 
th(e—R/w) 


td(pyw—e) 


Port P39 output — 
(R/W) 


Test conditions 

*Voc= 5 V+10% 

* Output timing voltage : Vo, =0. 8V, Von=2. OV 
* Ports P1, P2 input : Vit=0. 8V, Vin=2. 5V 
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DESCRIPTION 

The M37702E6LXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 
tures of this chip are similar to those of the M37702M6LXXXFP 
except that this chip has a 48K-byte PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The strong point of the M37702E6LXXXFP is the low supply 
voltage. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Wier 8 ena/'s bea olevo vee ere elas eS S were sp ereiesesee.6 103 
@® Memory size =) 70) \\ eee 48K bytes 
oy \ \, ce coon 2048 bytes 

@ Instruction execution time 

The fastest instruction at 8 MHz frequency --:---:--- 500ns 
@ Single low supply voltage-:-:-s rr 97~5.5V 
@ Low power dissipation 

(At 3V supply voltage, 8 MHz frequency) -- 12mW (Typ.) 

(At 5V supply voltage, 8 MHz frequency) -- 30mW (Typ.) 
@ Wide operating temperature range-:-------°**: —40~85C 
@ Interrupts srr rere tee ee eee ees 19 types 7 levels 
e Multiple function 16-bit timer -:ccccooc 5+3 
@ UART (may also be synchronous) «sss 2 
@ 8-bit A-D converter --s: sort 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) see 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer 


P5o/TAQour + 


PIN CONFIGURATION (TOP VIEW) 


P7>/ANy + LU 
P67/TB2iny - 
P6,_/TB1 in 
P6s/TBOn +> [4] 

P6,/INT> + 

Pé,/INT, «> [6] 

P62/INTp «> 
P6,/TA4y +> [8 


P5</TAQny <> 
P5o/TAliy +> Lal 
P5,/TAQn + 


P4,/DBC* <> [18 
P4,/VPA* +» 
P4./VDA* +> 
P4,/QCL* <> 

P4,/MX* <> 


IS]+> P7,/AN; 


IRJ->+ P83/TxDo 


= 
or) 
=~] 
~] 
o) 
no 
m 
9) 
iS 
x 
< 
x< 
a 
aL 





OQ 
a 
w 
El 
w 
Ei 
ow 
~ 
w 
Lo | 
3 | 
wo 


P39/R/W <> 
P27/Ao3/D7 «+ 


P3./ALE «+ [| 
P3,/BHE < 


P33/HLDA <> 
P24/A29/D4 «+ [8] 


P2.6/A20/Dg <> 
P25/Ao1/D5 <> 


Outline 80P6N-A 


164] <> P§,/CTS,/RTS, 
- P8./CLK, 
++ P8_/RxD, 

61 | +> P87/T,D, 

60] > POo/Ay 

59] +> PQ,/A, 

58] +> PQ./A, 


a] > Pt4/Aro/Di> 
+ P15/A;3/D13 
a] > Pig/Ara/Dig 
= P17/Ay5/D45 
a] <* P25/Are/Do 
3] <» P2,/A2/D, 
+> P2o/Aig/D> 
at] <> P25/Ay9/Ds 


*: Used in the evaluation chip mode only 
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FUNCTIONS OF M37702E6LXXXFP 














Parameter Functions 
Number of basic instructions 103 


Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 

PROM 48K bytes 
RAM 2048 bytes 
PO~P2, P4~P8 8 -bitX 8 
P3 4 -bitX 1 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 
TBO, TB1, TB2 16-bitX 3 
(UART or clock synchronous serial 1/0) X2 
8 -bitX 1 (8 channels) 
12-bitX 1 
3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 




























Memory size 














Input/Output ports 
































Multi-function timers 








Serial 1/O 
A-D converter 



























Watchdog timer 












Interrupts 












Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 


Pde 12mW(at 3V supply voltage, external clock 8MHz frequency) 
Power dissipation 
30mW(at 5V supply voltage, external clock 8MHz frequency) 
5V 


Input/Output voltage 


Clock generating circuit 






















Supply voltage 











Input/Output characteristic 
Output current 5mA 












Memory expansion Maximum 16M bytes 


Operating temperature range —40~85°C 
Device structure CMOS high-performance silicon gate process 
Package 80-pin plastic molded QFP 

















MITSUBISHI seca 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37702E6LXXXFP 


PROM VERSION of M37702M6LXXXFP 





PIN DESCRIPTION (NORMAL MODE) 


Vcc, Vss Power supply a Supply 2. 7~5. 5V to Vcc and 0 V to Vsgs. 
CNVss CNV¢gzg input Input ‘This pin controls the processor mode. Connect to Vss for single-chip mode. 


Reset input 


Clock input 











To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 


These are |/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xi and Xour. When an external clock is used, the clock source should be connected to the Xy pin 
and the Xour pin should be left open. 




















Xour Clock output 


Enable output Data or instruction read and data write are performed when output from this pin is “L”. 














BYTE Bus width selection input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 


8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


AVcc, AVss_ | Analog supply input . Power supply for the A-D converter. Connect AVcc to Vcc and AVssg to Vsg externally. 
Reference voltage input cae This is reference voltage input pin for the A-D converter. 


1/O port PO 








Be) 
m 
” 
m 
- 














In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset. 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 





1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dis~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 


1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Ao3~ Aj6) is 
output when E output is “H”. 











1/O port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





1/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be program- 
med for ¢; output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢; output pin. 











1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
‘pins for timer AO, timer A1, timer A2, and timer A3. 





1/O port P6 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer A4, external interrupt input INTo, INT,, and INT» pins, and input pins for timer BO, timer B1, 
and timer B2. | 


1/O port P7 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANo~ANz7 input pins. P77 also has an A-D conversion trigger input function. 





1/O port P8 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


Voc, Vss 


CNVss 


BYTE 


RESET 


Power supply 


Vpep input 


Input/Output 


Input 





Vpp input 


Reset input 


Clock input 


Clock output 





Input 


Input 


Input 


Output 


Functions 
Supply 5V+10% to Vcc and 0 V to Vgs. 
Connect to Vpp when programming or verifing. 
Connect to Vpp when programming or verifing. 
Connect to Vss. 


Connect a ceramic resonator between Xin and Xout. 





Enable output 





AVcc, AVss 


A-D power supply 


Output 





Keep open. 


Connect AVcc to Vcc and AVsgzg to Vgs. 





Reference voltage input 


Input 
Input _ 





Address input (Ap~A7) 





Address input (Ag~Aj5) 





Data 1/O (Do~D7) 


Input port P3 





Input 


Input 


1/0 





Input port P4 


Control signal input 


Input port P6 





Input port P7 








Connect to Vgs. 


Port PO functions as the lower 8 bits address input (Ag~A7). 





Port P1 functions as the higher 8 bits address input (Ag~A\5). 


Port P2 functions as the 8 bits data bus (Do~D7). 
Connect to Vgs. 


Connect to Vgs. 








P59, P5, and P52 function as PGM, OE and CE input pin. 
Connect P53, P54, P55 and P5¢ to Vec. Connect P57 to Vss. 





Connect to Vgs. 


Connect to Vss. 





Input port P8 





Connect to Vgs. 
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BASIC FUNCTION BLOCKS 

The M37702E6LXXXFP has the same functions as the 
M37702M2BXXXFP except for the following - 

(1) The built-in ROM is PROM. 

(2) The ROM size is 48K bytes. 

(3) The RAM size is 2048 bytes. 

(4) The reset circuit is different. 

Therefore, refer to the section on the M37702M2BXXXFP. 


RESET CIRCUIT 


Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 





Address 





Port PO data direction register  (0416)°*: 0046 





Port P1 data direction register (05i6)°° 0016 


(0816)°*: 0016 


DX 2/0} 0 


(OC 46) °°. 0016 


Port P2 data direction register 
Port P3 data direction register (0916)°°: 


Port P4 data direction register 





Port P5 data direction register (OD4,)--- 


Port P6 data direction register (1046)°°° 0016 





Port P7 data direction register = (1146) -"° 


Port P8 data direction register (1416): 


}o}0}0/0}2/2/2 


A-D control register (1E,6)° 





DODD 1 


A-D sweep pin selection register (1F1.):-° 
UART 0 Transmit/Receive mode register (3016) °*° 


(38,6)°"° 


(34,¢)-" xXx! 1 0} 0] 
(are) DX 1] 00 
(3516) [0] 0/00} 0) 0/1 
o}o}oj0/o} 1) 


(4016)°°° 0046 


XXX 2}2] 0/0) 


(4446)°°° 0016 


UART 1 Transmit/Receive mode register 





UART 0 Transmit/Receive control register 0 
UART 1 Transmit/Receive control register 0 
UART 0 Transmit/Receive control register 1 
UART 1 Transmit/Receive control register1 (3D45)--- 
Count start flag 
One-shot start flag (4216)°°° 
Up-down flag 

Timer AO mode register (5616)°"° 0016 


Timer A1 mode register (5746)°°° 0016 





Timer A2 mode register (5816)°"° 0016 





Timer A3 mode register (5916)°°° 0046 


Timer A4 mode register (5Ai6) °° 0016 





(5By6)" |0/0/1)X/ 0/0} 0 
(5C;5)~ [0 | 0] 1)X] 0] 0| 0| 
(5D;6)-~- |0|0| 1)X] 0] 0] 0 


Microcomputer internal status during reset 


Timer BO mode register 
Timer B1 mode register 


Timer B2 mode register © 


Fig. 1 





~5.5V. Program execution starts at the address formed by 
setting the address pins Ao3~ Aig to 0046, Ais ~~ Ag to the 
contents of address FFFF,.¢, and A7~Ag to the contents of 
address FFFE4g. 

Figure 1 shows the status of the internal registers when a 
reset occurs. 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. 


Address 
Processor mode register 


Watchdog timer (60;6)°"° 





Watchdog timer frequency selection flag (6146)°° 





A-D conversion interrupt control register (7016)°*° 





igi Mixxx o/ololo 
(7256) XXX] o| of of | 
(7316)°** XXX] 2] 210} o| 
(7516) XYXDIX/ 0 [0] 0 | 0| 
(7616) XXPXX] 0 | 9 [0/0 
(7716) XXDX] 0 [00] 0 | 


(7816) °*° 0;0|0;0 


UART 0 transmission interrupt control register 











UART 0 receive interrupt control register 





UART 1 transmission interrupt control register 


UART 1 receive interrupt control register (7446)°°° 





Timer AO interrupt control register 
Timer A1 interrupt control register 
Timer A2 interrupt control register 


Timer A interrupt control register 





(7946) °*" 0/0/0/0 


(7A) XOX 0| 0 [0 | 0] 
“ OX 0 [ol 0/0 
0;0/0;0 
- XMola|e|e|0 

INT , interrupt control register # X)X| 9 | 0;0/0/0 

INT > interrupt control register ae X)X}0] 0] 0/0] 0/ 0| | 
o}o}o}?/2/ojoloj1] 2] 2 


Program bank register PG 0016 


Timer A4 interrupt control register 





Timer BO interrupt control register 





Timer B1 interrupt control register 








Timer B2 interrupt control register 





INT 9 interrupt control register 





Processor status register PS 


Program counter PC, Content of FFFFi., 





Program counter PC, Content of FFFE;. 


Direct page register DPR 000016 





Data bank register DT 004, 


Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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see Power on 


M37702E6LXXXFP 
Voc O27 
Ov 
RESET 
Ov 0. 55V 


Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 





MEMORY 


The memory map is shown in Figure 3. 


0000001. 000000). 
00007Fi¢ 
000080i., 


Internal RAM Peripheral devices 
2048 bytes control registers 


OOFFFFice 


0100001¢ 
00087F 16 


Bank 146 


004000,, 
Interrupt vector table 


A-D conversion 


| UART1 transmission | transmission 
UART1 receive 


UARTO transmission 
UARTO receive oe 
Timer B2 


Internal PROM Timer B1 





Timer BO 
Timer A4 
Timer A3 
Timer A2 


Bank FE. Timer Al 
__INTo | 
Watchdog timer 


48K bytes 
FE0000;¢ 


\ 
OOF FDE\6 


FFFFFFy¢ OOFFFFi¢ RESET 


Bank FFi¢ 





Fig. 3 Memory map 
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EPROM MODE 

The M37702E6LXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 4 shows 
the pin connections in the EPROM mode. 

EPROM mode is the 1M mode for the EPROM that is 
equivalent to the M5M27C101K. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5z, 
CNVss and BYTE are used for the EPROM (equivalent to 


8 - P7,/AN, 
++ P72/ANo2 
+ P73/AN3 
> P7,4/AN, 
++ P75/ANs 
- P7.6/ANg5 
«+ P77/AN7/ADtrRG 


El 
EI 
LS] 
El 
~ 
rs) 


P7>/ANo +L 


P6, /TA4w:w 8 | 
P65/TA4our ** LY 


P56/TA3out <. 


P54/TA2out aa 

P53/TA1w +> 14) 

CCE)>————- P§0/TA1 our + [15] 
COE)>————P5, / TAO, + [16] 
@GM P50/TAQout +”, 


P4, +. 


P4,/$1 + 
P4,/RDY + 


| 
on 


P4)/HOLD <+ 


Outline 80P6N-A 


Fig. 4 Pin connection in EPROM programming mode 


djXXX1943Z20ZZEW 


Fa 


w 
> 
w 
a 
w 
c=2) 
Ww 
iS] 


P33/HLDA <> 
P32/ALE <> 


the M5M27C101K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 14000,,~ 1FFFFi,¢ for the M37702E6L- 
XXXFP. ; 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xjy pin and Xouyrz pin. 


1 }+> P89/CTSo/RTSo 


iS je> P8B1/CLKo 
1B} +> P82/RxDo 
1&1 +> P83/TxDo 


ea] ++ P8,/CTS,/RTS, 
63] +» P8./CLK, 


44} —- P2/A16/Dp -———"Con) 
+ P2,/A;7/D, 0p 

+> P22/A;3/D2—‘®2) 
at] P2,/A19/D3——— o> 


1S | 


Cos )——— P25/Aa1/Ds - 
€d4)——— P24/A20/Da + [8 


P39/R/W <> 


Coz ————- P27/A23/D7 as 


P3;/BHE ++ 


(g)-—— P26/A22/De ++ [8] 


* : Connect to ceramic oscillation circuit. 
|) : Same functions as M5M27C101K. 
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Table 1 Pin function in EPROM mode 


M37702E6LXXXFP 


Vcc Vec 


~ | GNVgs, BYTE | 
ver 
Ports PO, P1 
Data I/O Port P2 
CE Se P55 
OE P5, 
PGM P55 


MSM27C101K 




















Address input 


























FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 


Reading a 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ayp~Aj5) to be read, and the 
data will be output to the I/O pins Dg ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Ajs, and the data to 
be written is input to pins Do~D,. Set the PGM pin to a “L” 
level to being writing. 








Writing operation 

To program the M37702E6LXXXFP, first set Voc=6V, Vpp= 
12.5V, and set the address to 14000,.. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V(or Voc= Vpp=5.5V). 


Table 2 1|/O signal in each mode 


Floating 


12.5V|; 6V Input 


Vin | Vin | Vin [12.5V) 6V | Floating _| 


An X indicates either V,, or Vin. 













Data I/O 
Mode 


Read-out 
Output 
Disable 
Programming 








- Output 
Floating 

















Pe 


r = r m 


Vin 
Programming 
Verify 


< 


iL Vin 





Program Disable 
Note 1 








| 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vcc=6V£0. 25V, Vpp=12. 5-40. 3V, unless otherwise noted) 


Parameter 





Test conditions 





Address setup time 




















OE setup time 














Data setup time 











Address hold time 











Data hold time 











Output enable to output float delay 


























Voc setup time 














Vpp setup time 




















PGM pulse width 




















PGM over program pulse width 

















CE setup time 














Data valid from OE 
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AC waveforms 
PROGRAM VERIFY 


Vin 


; Viv 


DATA ( 


Vep — ae 
Voc 
Voct1 = 
Vec 
_ Vin 
CE ; 
: ll 
Vin . k 
PGM 
Vit 


Viv 


J 





Test conditions for A.C. characteristics 


: : | Input voltage : Vi_=0.45V, Viyj=2.4V 
Programming algorithm flow chart input rise and fall times (10%~90%) : <20ns 


Reference voltage at timing measurement : Input, Output 


START “L"=0.8V, “H"=2V 
ADDR=FIRST LOCATION 


Vec=6.0V 
Vpp=12.5V 


PROGRAM ONE PULSE OF 0.2ms 
N=N+1 


<> YES 
FAIL | DEVICE 
FAILED 
PASS 
PROGRAM PULSE OF 


0.2Nms DURATION 


NO 
INCREMENT ADDR LAST ADDR ? 
YES 


Voc=Vpp= . 5.0V 


VERIFY FAIL 
ALL BYTE | FAILED 
PASS | 
DEVICE PASSED . *4.5V<Voc=Vpp<5.5V 





3—188 


i> 
g 
: 


MITSUBISHI MICROCOMPUTERS 


M37702E6LXXXFP 


PROM VERSION of M37702M6LXXXFP 





SAFETY INSTRUCTIONS 


(1) 


(2) 


A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

The programmable M37702E6LFP that is shipped in 
blank is also provided. For the M37702E6LFP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 


Writing with PROM writer 


Screening 






(Caution) 





(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


Peseta see et Tet ee ee oe cae 
] Function check in target device | 
L aque aeEFT ET Ge Ga» aad —he aap aaa «EE —_ _J 


Caution : Never expose to 150C exceeding 100 hours. 


ADDRESSING MODES 

The M37702E6LXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E6LXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E6LXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

ROM data (EPROM 8 sets) 


— 
[S) 
— 
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ABSOLUTE MAXIMUM RATINGS | 











Input voltage RESET, CNVss, BYTE 


Input voltage POg~P07, Pip ~P17, P29>~P27, P3y>~P3z, 
V, P49~P47, P5o~ P57, P69~ P67, P79~P77, 
P89~ P87, Veer, Xin 


Output voltage PQo~P07, Plo~P17, P29~P27, P38p~P3s, 
Vo P49~ P47, P59~ P57, P69~ P67, P79 ~P77, 


P89~P87, Xour, E 


| Pq, Power dissipation 


Toor Operating temperature 
Tsto Storage temperature 


Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 



























Symbol Parameter Conditions Ratings 





—0. 3~12(Note 1) 


—0.3~Vec+0. 3 


==); 3~Voec +0. 3 





—40~85 
—65~150 





RECOMMENDED OPERATING CONDITIONS (Voc=2. 7~5. 5V, Tga=—40~85C, unless otherwise noted) 










Typ. 
Supply voltage 
Analog supply voltage 


High-level input voltage POg~ P07, P39~P33, P4p~P4z, 
P5o9~P57, P6p~P67, P79 ~P77, 








Unit 
V 








Cc 






ae 
Ni 


fe) 
oO 
on) 


















Vin P8)~P8, Xv, RESET, CNVss, |" 8Vcc Vee 
BYTE 
High-level input voltage P19~P17, P29~P27 
Vin (in single-chip mode) Over Vee 
High-level input voltage P19~P17, P29~P27 
Ving (in memory expansion mode and |0.5Voc Voc 
microprocessor mode) 






Low-level input voltage PQo~P07, P389~P33, P4p~ P47, 
P59~P57, P6p~P67, P7p>~P77, 
P8 9~P87, Xin, RESET, CNVgs, 
BYTE 

Low-level input voltage Ptp~P17, P29~P27 

| (in single-chip mode) 









Vie 0. 2Vcc 


< 








< 











(=) fo) 
om RN 
< | 5 
8 O 






Low-level input voltage P1l9~P17, P29~P27 
(in memory expansion mode and Vv 


microprocessor mode) 


Vie 
High-level peak output current POg~P07, Plg~P17, P2o~P27, 
lou( peak) 


P39~P33, P49~P47, P59~P57, 
P69~P67, P79~P77, P8)~P87 
High-level average output current POo~PO7, Plg~P17, P29~P27, 





E 
> 







P3o~ P33, P4o~ P4,, P5o~ P57, 
P69~ P67, P7o~ P77, P8)~ P87 


papa 
an 
fe 

> 





Low-level peak output current POg9~ P07, Plp~P17, P29~P2;, 
loL(peak) P39~P33, P4o~P47, P5o~P5z, 
P69~ P67, P79~ P77, P89~ P87 


Low-level average output current POg~P07, Plp~P17, P29~P27, 


3 
=| 
> 


lo.(avg) P39~ P33, P4o~P47, PSo~P5z, 


P69~ P67, P7o~ P77, P8&~ P87 
f(Xin) 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 






on 
3 
> 


External clock frequency input 
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High-level output voltage PQg~P07, Plo~P17, P29~P2;, 
P3o, P3;, P33, P49~ P4,, 


PROM 


Test conditions 


MITSUBISHI MICROCOMPUTERS 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 





Voc=5V, lon=—10mA 














P59~ P57, P69~P67, P7p>~P77, 
P89~ P87 
High-level output voltage POg~P07, Plo~P17, P29~P2z, 
P39, P31, P33 


High-level output voltage P3, 


Voc=3V, lon= —ImA 


Voc=5V, lox= —400uA 


aes ("= 1 Cees 
Vec™=5V, lon= —10mA 


Vec=5V, loxn= —400uA 


Voc=3V, lon= —ImA 











High-level output voltage E 








Low-level output voltage PO 9~P07, Plp~P17, P29~P27, 
P3o, P3}, P33, P49~P4,, 
P59~ P57, P6)~ P67, P7o~ P73, 


P89~ P87 





Low-level output voltage PO9~P07, Plg~P17, P29~P27, 


P39, P31, P33 


Voc=5V, lon=—10mMA 
Voc=5V, lon= —400uA 
Voc=3V, lon=—1 mA 


Vec=5V, lop= 10mA 




















Vec=3V, lop= ImA 


Vec=5V, lop =2mA 

















SSS 


Low-level output voltage P32 








Low-level output voltage E 











Hysteresis HOLD, RDY, TAOQ\n~TA4in, TBO ~TB2in, 
INTo~ INTs, ADtrag, CTSo, CTS), CLKo, CLK 








Hysteresis RESET 


Voc=5V, loL= 10mA 











Vec=5V, loc =2mA 
Vec=3V, lop=l1mA 
Vec=5V, loL=10mA 








Vec=5V, lop =2mA 





Voec=3V, loL= ImA 





Voc™=5V 





Voc=3V 








Vec=5V 
Voc=3V 








Hysteresis Xin 


Voc™=5V 
Veo=3V 








High-level input current POg~PO7, Pig~P17, P29~P2z7, 
P39~ P33, P49~~ P47, P59~P5r, 


Vec=5V, Vi=5V 





P69~ P67, P79~P77, P8~ P87, 
Xin, RESET, CNVgs, BYTE 





Low-level input current POg~P07, P19o~P17, P2g~P27, 
P39~P33, P4g9~P47, P5g~P57, 
P69~P67, P7o~P77, P89~P8,, 
Xin, RESET, CNVgs, BYTE 








RAM hold voltage 











Power supply current 


Parameter 





Vec=3V, Vi=3V 


Vec=5V, V,=0V 


Vec=3V, V\==0V 


When clock is stopped. 
In single-chip 
mode output 
only pin is open 
and other pins 
are Vss during 
reset. 


Test conditions 





Resolution 





Absolute accuracy 





Ladder resistance 


Conversion time 


Vrer=Voc 








P[oO; HILO wp A el HID) 


oO 

















LA 








(0q) 8M 


Ta=25C when clock is 

stopped. 

Ta=85C when clock is 

stopped. : 











Vrer=Vocc 


Vrer=Voc 





Reference voltage 





Analog input voltage 
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TIMING REQUIREMENTS (Vcc=2.7~5.5V, Vss=OV, Ta=25C, f(Xin) =8MHz, unless otherwise noted) 
External clock input 


Symbol Parameter Unit 
: | Min. | | Max. | 


External clock rise time 
Fae "7 ae NNER 














Single-chip mode 


Symbol Parameter 
: Min. Max. 


Port PO input setup time 300 ns 
Port P1 input setup time 300 ns 
Port P2 input setup time 300 ns 
Port P3 input setup time ‘ 300 — ns 
Port P4 input setup time 300 
























































a 
” 








Port P5 input setup time 300 ns 
Port P6 input setup time 300 ns 
Port P7 input setup time 300 ns 
Port P8 input setup time 300 ns 
th(e—Pop) Port PO input hold time | 


ns 
Port P1 input hold time ns 
Port P3 input hold time 
Port P5 input hold time 
Port P6 input hold time 


0 

0 
cone Rees Se sated 
Port P8 input hold time a ee 


Memory expansion mode and microprocessor mode 7 

















O1oO 





oO 


oO|1|oO 














Port P1 input setup time 


Port P2 input setup time 
RDY input setup time 


HOLD input setup time 
RDY input hold time 
HOLD input hold time 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAiww input cycle time 

















TAiin input high-level pulse width 
TAiin input low-level pulse width 








Timer A input (Gating input in timer mode) 


Symbol Parameter 


TAin input cycle time 
TAiwy input high-level pulse width 
TAijn input low-level pulse width 




















Timer A input (External trigger input in one-shot pulse mode) 


Limits 
Symbol Parameter 
Min. 


TAiy input cycle time 
TAiiy input high-level pulse width 
TAiy input low-level pulse width 2 























Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter ; 
Min. : 
tw(taH) TAiiy input high-level pulse width 250 
tw(TAL) TAiy input low-level pulse width 250 


Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter : 
tc(upP) TAiout input cycle time 












































TAiour input high-level pulse width 
TAiout input low-level pulse width 
TAiout input setup time 

TAiour input hold time 
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Timer B input (Count input in event counter mode) 


TBiiy input cycle time (one edge count) 
TBijn input high-level pulse width (one edge count) 
TBijy input low-level pulse width (one edge count) 
TBijn input cycle time (both edges count) 



























TBiy input high-level pulse width (both edges count) 











in 

















tw(TBL) 
Timer B input (Pulse period measurement mode) 


Symbol Parameter 


tc(tB) TBi input cycle time 





TBiy input low-level pulse width (both edges count) 

















tw(tBH) TBijn input high-level pulse width 









Limits 














tw(TBL) TBijn input low-level pulse width 





Timer B input (Pulse width measurement mode) 


Symbol Parameter 


TBiy input cycle time 
TBiwy input high-level pulse width 
TBiwy input low-level pulse width 











A-D trigger input 


Symbol Parameter 






































tc( ab) ADrag input cycle time (minimum allowable trigger) 
tw(aDL) ADrre input low-level pulse width 
Serial I/O 


Symbol Parameter 


Limits 





Min. 





to(cK) CLKj input cycle time 





500 





twicikn) CLK; input high-level pulse width 


250 








tw(cKL) CLKj input low-level pulse width 


250 











td(c—a) TxDj output delay time 




















thic—a) TxDj hold time 











tsu(p—c) RxD; input setup time 




















thic—p) RxDj input hold time 


External interrupt INTj input 


Symbol Parameter 
































tWUiNH) INT; input high-level pulse width 
tWCINL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=2.7~5. 5V, Vss=0V, Ta=25°, f( Xin) =8MHz, unless otherwise noted) 
Single-chip mode 


Port PO data output delay time 


td(e—p1aQ) Port P1 data output delay time 










Limits 





Test conditions 





























td(e—p2aqQ) Port P2 data output delay time 















td(e—p3a) Port P3 data output delay time 


td(e—paq) 
td(e—psa) 
Port P6 data output delay time 


Port P7 data output delay time 
Port P8 data output delay time 









Port P4 data output delay time 














Port P5 data output delay time 




















Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol Parameter Test conditions 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 


tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 





























td(p1a—e) Port P1 address output delay time 


Port P1 address output delay time 
Port P2 data output delay time 
Port P2 floating start delay time 
Port P2 address output delay time 


td(¢,—HLbDa) | HLDA output delay time 











td(aLe—e) ALE output delay time 





tW(ALe) ALE pulse width 














td(BHE—E) BHE output delay time 





tdirRsw—e) R/W output delay time 





td(e—4,) ¢, output delay time 








th(e—Ppoa) Port PO address hold time 








th(aALeE—P1a) 


th(e—P1aq) 


Port P1 address hold time (BYTE=“L”) 





Port P1 data hold time (BYTE=“L”) 





tpzx(e—piz) 
th(e—p1a) 
th( ALe—P2a) 
th(e—p2Q) 
tpzx(e—paz) 


Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 








Port P2 address hold time 
Port P2 data hold time 
Port P2 floating release delay time 








th( e—BHE) 


th(e—r/w) 


BHE hold time 
R/W hold time 








tw(eL) 





E pulse width 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) ~ 


Port PO address output delay time 
Port P1 data output delay time (BYTE=“L”) 
tpxz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 
Port P1 address output delay time 
) 


Limits 





Unit 



















Port P2 floating start delay time 
HLDA output delay time 
BHE output delay time 
R/W output delay time 
¢, output delay time 
Port PO address hold time 
Port P1 data hold time (BYTE="L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 

es 


130 
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— — i} Ww 
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oO 
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Fig.5 Testing circuit for ports PO~P8, ¢, 
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Single-chip mode 


(Xin) 


Port PO output 


Port PO input 


Port P1 output 


Port P1 input 


Port P2 output 


Port P2 input 


Port P3 output 


Port P3 input 


Port P4 output 


Port P4 input 


Port P5 output 


Port P5 input 


Port P6 output 


Port P6 input 


Port P7 output 


Port P7 input 


Port P8 output 


Port P8 input 
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i 


Sa 


tsu(poo—e} 


i 
x 


a 


tsu(pip—e) pa 


wine 


tsu(p20—e) 


| 
z 


~~ 


tsu(e30—e) — 


>< de 


tsu(pso—e) 


| 
¥ 


wi 


tsu(psp—e) _— 


Ee 


tsu(P60-e} 


| 


>< 1 te 


tsuce70—-€° jae 


ll, 


5 


tsu:pap—e pare 


thie-pop) 


tdie—pia) 


thie—pip) 


tdie—p2aQ) 


thie—P2p) 


td(e—P3q) 


thie—Psp) 


tdie—paq) 


th(e—pap) 


tdie—Psa) 


th(e—psp) 


td(e—P6a) 


thie—p6p) 


tdie—p7aQ) 


thie—p7o 


tdie-psa) 


th.e—pso 





oy 


tdie-Prog) 
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TAin input 





tce(up) 















tw(uPH) 


TAiout input 


TAiour input 
(Up-down input) 


In Event counter mode 


~ TAiiy input 
(When count by falling) tncry—uei| suet 


(When count by rising) 


tc(TB) 


TBiy input 








te(ap) 





ADrac input 


teick) 


twicKH) 


paatena 





CLKj 


Z thic-a) 
| 


tsu(p—c) thic—p) 


RxDj 


INTj input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$y 





mi 


RDY input 


tsucaoy—¢,)| thi ¢;—Rby) 


E / 


(When wait bit = “0”) 


py 


RDY input 


(When wait bit = “1” or “O” in common) 


py 


thi ¢,—HOLD) 


tsu( HOLD— 44) 


HOLD input 







tdi ¢;—HLDA) td(4,--HLDA) 


HLDA output 


Test conditions 

* Voc=2. 7~5. 5V 

* Input timing voltage : V;,=0. 2Vcc, Vin=0. 8Vec 
* Output timing voltage * Vo, =0. 8V, Voy=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit=“1") 


(Xin) 





$y 


tdie-4,) 


mi 


tdie-¢,) 


Address ie 


> 


Cee 


fl 
fants 


Port PO output 


(Ap~A7) 
thiace- PIA) 
Port P1 output 


<0, =H 
(Ag~Ay5/Dg~D;5) 
(BYTE="L") 


4 Address 
: es E) 
—> 
(Ag~ Ais) " 
(BYTE=“H") 


pam 
-———| thie—pip) 
Port P1 input 


th(ace— mm! 







texz:e—p1z tezx. €—P1z) 


_ Address 









Port P2 output 





a texz(e—p 22) tezx(e—po7) 
is eae Address ba —-—-—-— — —_ Address 
(Aie~Az3/Do~D7) ines tsu(p20-E) 
A—ALE a 
al P2Q) _—-| Nv e—p2p) 
Port P2 input 


W (ALE) 
tdiace—e) 
Port P32 output 
(ALE) 


td(BHE-e) pel th(e-BHE) 
ena 
eens 7 eee) ae 
(BHE) 
tdir/w—-e) thie-—rvw) 
Port P3, output 


(R/W) 


Test conditions 
: Voec=2. 7~5. 5V 


* Output timing voltage ° Vo_=0. 8V, Voy=2. OV 


* Ports P1, P2 input ; Vii=0. 16Voc, Vin=0. 5Voc 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
f( Xin) F 
py 
tdie—¢,) 
tdie—4}) 


mi 


thce—Poa) 


td(poa—e 

Py phe 

Port PO output aaaress | DX | Address =|) 
(Ag~A;) ia 


th(ace—P1A) 8 





texz(—e—P1z) tezx(e—p1z) 


(Ag~Aj5/Dg~Dj5) Address Xi Address} --<---------+--- Address 


(BYTE="L") i 





td(e—P1Q) 









td (P1A—ALE) 





thie—Pta) ae a 2" 


Port P1 output 
(Ag~Ajs5) (|| Address | Address tap {| Address Address iL 
(BYTE=“H") 


— th(e—P1D) 
Port P1 input 
§ 


h(ALE—P2A) 9 —tecr tezx(E—P2z) 
Port P2 output 
(Aye~Az3/Do~Dr) j= Hes pee ereh (ane Address 
tsu(p2D-e) 
th(e—p2p) 
haan ALE) eae WERT EN « —t- 
Port P2 input 
face 
i : td(ace—e) 
Port P32 output . 
(ALE) 


td(BHE-E) 













a ae 






(BHE) 
tdi pyw—e) 
thie—R/w) 


Port P39 output 
(R/W) 


Test conditions 

* Voc=2. 7~5. 5V 

* Output timing voltage : Vo,=0. 8V, Voy=2. OV 

* Port P1, P2 input > Vit=0. 16Voc, Vin=0. 5Voc 
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DESCRIPTION 

The M37702E8BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed ina 80-pin plastic molded QFP. The fea- 
tures of this chip are similar to those of the M37702M8BXXXFP 
except that this chip has a 60K-byte PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. The M37702E8BFS with erasable ROM that is 
housed in a windowed ceramic LCC is also provided. 


DISTINCTIVE FEATURES 


® Number of basic instructions PERRET RETR Ce RT me ee 103 
@ Memory size PROM Sire: B wire au See ai le 1b exe! ells ane ha ial-g) S-ayeabiete eyers 60K bytes 
RAM errr e ee ea 2048 bytes 

@® Instruction execution time 

The fastest instruction at 25 MHz frequency °::::--: 160ns 
@ Single power supply Mergaenaetbtead verse Gees pannawans pees 5V+10% 
@ Low power dissipation (at 25 MHz frequency) 

NoWhaieis uss elecy eu nie See wines Salus ee alee Soa siown@ ew eleiceees ccemss 95mW (Typ.) 
@ Interrupts cece r emer rare were erennesesseeseeees 19 types 7 levels 
@ Multiple function 16-bit timers S+3 
@ UART (may also be synchronous) DASE Ne NES awl a ieee esas y) 
@ 8-bit A-D Converter :-:t:s rire 8-channel inputs 
@ 12-bit watchdog timer - 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)--- re 68 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME and 
NC, communication, and measuring instruments 


NOTE 

(1) Do not use the M37702E8BFS for mass prodution, be- 
cause it is a tool for program development (for 
evaluation). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 
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PIN CONFIGURATION (TOP VIEW) 





: 2 

Q a 

< Sao 
-~-aomewor ess 
Z2Z2Z22Z222Z22Z2 red xk 
qC<q<ctcdccc 7 O OOCr 
NNN NNNN Oo O ~NNNN 
en noetwnornr wy Ww OorNn om 
RARNRNRNRKRR OD £> 0D 00 0 
Qadaadaadarcxractodcoadaad 
ttt tit | ttt] 
80) 68| j67} jes 













P7o/ANy +* [1] 
P6,/TB2,, +> [2] ' 
P6,/TB1iy + 
P65/TBOw +> [4 

P6,/INT, ++ 

P63/INT, +> [6 

P6./INT) +> 

 P6,/TA4y +> [8] 


aiid P8./CLK, 
- P8,_/RxD, 
+> P8,/TxD, 
+> P0o/Ap 
+> PO,/A, 
+> P0)./Ao 
> P03/A3 
+> P04/Aq 





P5,/TAQ + 
PSo/TAQout + 
P4,/DBC* ++ 
P4./VPA* +> 
P4./VDA* +> 
P4,/QCL* +> 

P43/MX* ++ 

P4o/$4 + 

P4,/RDY +> 


<= 
(oP) 
P5_/TA3,, +> [ia] ay +> POs/As 
P56/TA8 our + [1 < +> POs /Ag 
P5</TA2iy + m +> P0,/Ay 
P5,/TA2Qu1 + co > P1,/As/Dg 
P59/TAy + x +> P14/Ag/Do 
P5./TAlout > . +> P12/A40/D40 
Tl 
U0 


> Pts/Ayy/Diy 
+ Pf 4/Aqo/D4o 
- P15/Ay3/D13 
+> P1¢/Ay4/Dy4 
> P12/Ays/Dag 
“- P29/A16/Do 


+ P23/A;9/D3 








36] |37] [38] [39] [40 
Pie ead OP aod 4 it 

Wir ZEW Vt Wwe > Ow 
ae gi x 3M Ja airig ease 
OonZzg x HSC eeaR 
Ole Is >sdatde 
3 SLR RRBss 
v a Oa INNA 
oO OoOadaa 


Outline 80P6N-A 


* : Used in the evaluation chip mode only 
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FUNCTIONS OF M37702E8BXXXFP 


Number of basic instructions 103 . 
instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 

























| PROM 80K bytes 
Memory size 
PO~P2, P4~P8 8 -bitX 8 
Input/Output ports 


TAO, TA1, TA2, TA3, TA4 16-bitX 5 


TBO, TB1, TB2 16-bitX 3 


Serial !/O (UART or clock synchronous serial I/O) X2 
A-D converter 8 -bit< 1 (8 channels) 
Watchdog timer 12-bitX 1 


3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 














interrupts 





Clock generating circuit 





Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 
95mW(at external clock 25MHz frequency) 

















Supply voltage 











Power dissipation 





Input/Output voltage 





Input/Output characteristic 







Output current 












Memory expansion Maximum 16M bytes 


Operating temperature range —20~85°C 
Device structure CMOS high-performance silicon gate process 
M37702E8BXXXFP 80-pin plastic molded QFP 
Package ; 
sr | M37702E8BFS 80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION (NORMAL MODE) 


Vcc, Vss 





CNVss 


Name Input/Output 






Functions 









Power supply 


CNVssg input 
















RESET 





Reset input 















Supply 5 V+10% to Vec and 0 V to Vgs. 











This pin controls the processor mode. Connect to Vsg for single-chip mode. 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 



















These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xin pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 








Power supply for the A-D converter. Connect AVcc to Vcc and AVsg to Vss externally. 





This is reference voltage input pin for the A-D converter. 














In single-chip mode, port PO becomes an 8-bit I/O port. An |/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset. 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 








XIN Clock input 
Clock output Output 
a Enable output Output 
BYTE Bus width selection input Input 
AVcc, AVss_| Analog supply input 
VREF Reference voltage input Input 
PO o~ PO; I/O port PO 1/0 
Plg~P17 1/O port P14 1/0 


P29~ P27 


P3o 


u 
me) 
Ww 
a 


P4o~ P47 


P5o~ P57 


P6 


2 
vu 
o 
“ 





P7y>~P7, 


P8o~ P87 













I/O port P2 





In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Djs~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H’. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 


In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7;~Dg) is input or output when E output is “L” and an address(Ag3~ Aj6)is 
output when E output is “H”. 





I/O port P3 


In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 








I/O port P4 








In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4y) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode,port P42 can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 








I/O port P5 1/0 


I/O port P6 








I/O port P7 

















In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2, and timer A3. 





in addition to having the same functions as port PO in single-chip mode, these pins also function as !/O 
pins for timer A4, external interrupt input INTo, INT,, and INTz2 pins, and input pins for timer BO, timer B1, 
and timer B2. 














In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~AN; input pins. P77 also has an A-D conversion trigger input function. 








1/O port P8 


——$——$—_— 











In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
T,D, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


— 
Clock output | | 
Reference voltage input Input 
Address input (AeA) Port PO functions as the lower 8 bits address input (Ag~A7). 
Address input (Ag~Aj5) Input Port P1 functions as the higher 8 bits address input (Ag~Ajs). 

4 


P o7~ P47 





















Connect a ceramic resonator between Xin and Xour. 













Connect AVcc to Voc and AVsgsg to Vss. 




















Connect to Vsgs. 


















Input port P4 Connect to Vss. 











P5)~P57 Control signal input Input P5o, P5; and P5» function as PGM, OE and CE input pin. 


Connect P53, P54, P5s and P5g to Voc. Connect P57 to Vss. 


P69~ P67 Input port P6 Input Connect to Vgs. 
P7o~P77 Input port P7 
P89~ P87 Input port P8 















Input Connect to Vss. 


















Input Connect to Vsgs. 





© irsueisHi 
Oe | nie 


MITSUBISHI MICROCOMPUTERS 


M37702E8BXXXFP 
M37702E8BFS 


PROM VERSION of M37702M8BXXXFP 





BASIC FUNCTION BLOCKS 

The M37702E8BXXXFP has the same functions as the 
M37702M2BXXXFP except for the following: 

(1) The built-in ROM is PROM. 

(2) The ROM size is 60K bytes. 

(3) The RAM size is 2048 bytes. 

Therefore, refer to the section on the M37702M2BXXxXFP. 


MEMORY 


The memory map is shown in Figure 1. 


000000). 0000001. 


00007 Fi¢ 
000080. 


Internal RAM 


2048 bytes 
OOFFFFi« 


010000i¢ 
00087 F 16 


001000;. 


O1FFFF i. 


Internal PROM 
60K bytes 


FEOQ000¢ 


Bank FE,., 


FEFFFFi, 
FFOOOOi. 


Bank FFi¢ 


FFFFFFi¢ 





Fig. 1 Memory map 


Peripheral devices 
control registers | 


™N 
00007F. 


Interrupt vector table 


UARTO receive 
Timer B2 
Timer B1 
Timer BO 
Timer A4 
Timer A3 
Timer A2 





Timer A1 } 
Timer AO 





INT 





OOFFFEi¢ 





are MESES 
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EPROM MODE 

The M37702E8BXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 2 shows 
the pin connections in the EPROM mode. 

EPROM mode is the 1M mode for the EPROM that is 
equivalent to the M5M27C101K. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 


the M5M27C101K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 11000,,~ 1FFFF,, for the M37702E8B- 
XXXFP. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj, pin and Xoyz pin. 





1} 
c 
- 
QO 
< 
~ 
KR 
Zz 
< 
~ 
tS 
ww 
a 


+> P7o/AN>2 
«> P73/AN3 
> P74/ANg, 
«+ P75/ANs 
++ P7¢6/ANg5 


1S] + P7,/AN, 


3 | 
3 | 
Si 





Ea 
on 
8 


P7o/ANy + Li 





djaXXXd8acOZZEwn 


BaD 
Coy 





P5,/TAQour 











125} [26 29 
i a ae eee 
Ow Yr z Hw 2 
ae sux 6 > 
LT 
ZL) Ole 
[=] 
vt 
a 
| 
-y * 
\¥ 


Outline 80P6N-A 












Fal 
S| 


P33/HLDA + 








o 

”) 

od 

c 
BLES 
ell x & 
o | lOOtre 
wOOS Sam 
E> 09 0M 
>q>anaand 
{ tid 
68} 467} 66 | 65) 





64] <> P8,/CTS,/RTS, 
63) <> P8;/CLK, 


badd P2,/A13/D2—————-on) 
41 | +> P2./A19/D3————--_o 






iS 
S| 
Fa 


P3,/BHE + [& 
P39/R/W «+ [8 


P32/ALE <> 
©z———_ P27/A23/D7 <> 


C04 P24/A20/Dag ++ BI 


(g>——— P26/A20/Dg «> 
(5)———_ P25/A21/Ds5 + 


* > Connect to ceramic oscillation circuit. 
C > ! Same functions as M5M27C101K. 


Fig. 2. Pin connection in EPROM programming mode (1M mode) 
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Table 1 Pin function in EPROM mode 


_| M3?702E8BXXXFP 
Vcc | 

CNVss, BYTE 
Vss 


MSM27C101K 




















| Ports PO, P1 
Port P2 











FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 


Reading 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ay~Aj;;) to be read, and the 
data will be output to the I/O pins Dg~D,. The data 1/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ag~Ajs, and the data to 
be written is input to pins Do~D,7. Set the PGM pin to a “L” 
level to being writing. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:s/cm. (M37702E8BFS) 








Writing operation 

To program the M37702E8BXXXFP, first set Voc=6V, Vpp= 
12.5V, and set the address to 11000;,. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V( or Vec=Vpp=5.5V). 


Table 2 I/O signal in each mode 


Data !/O 








Read-out Output 
Output 
Disable 


Programming (om Input 











Floating 








Floating 











Programming Output 


Verify 


Program Disable} Vin 


Note 1 : An X indicates either V\_ or Vix. 

















Floating 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25£5C, Vcoc=6V40. 25V, Vpp=12. 5-40. 3V, unless otherwise noted) 


Parameter 


Symbol! 


z, Limits 
Test conditions 














iste Address setup time 


toes OE setup time 





Ss 
Data setup time 
Address hold time 


ta 

t 

ta 

t Data hold time 


Output enable to output float delay 
Vcc setup time 
Vpp setup time 
PGM pulse width 
PGM over program pulse width 
CE setup time 
ties Data valid from OE 
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AC waveforms 
PROGRAM VERIFY 


Vin 


Viv 


peli ce 
Vee ia 
Vect1 
Voc 
Vec 
a, Vin 
CE 
: ae 
Vin a 


PR 
Vin 


= oe: : t 
OE 


Test conditions for A.C. characteristics 
Input voltage - Vi. =0.45V, Vin=2.4V 
Input rise and fall times (10% ~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 
“L"=0.8V, “H"=2V 


ADDR=FIRST LOCATION 


Vcec=6.0V 
Vpp=12.5V 


Programming algorithm flow chart 










PROGRAM ONE PULSE OF 0.2ms 
—X=X+1 


<> YES 
FAIL DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Nms DURATION 


NO 
INCREMENT ADDR LAST ADDR ? 


YES 
Vec= Vpp= 5s 5.0V 


VERIFY FAIL 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *45V <Voc=Vpp<5.5V 


i 
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SAFETY 


(1) 


INSTRUCTIONS 

Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal 
or other materials (ceramic package product). 
Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and 
may affect badly the erasure capability (ceramic pack- 
age product). 

A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

The programmable M37702E8BFP that is shipped in 
blank is also provided. For the M37702E8BFP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 


Writing with PROM writer 


Screening 











(Caution) 







(Leave at 150°C for 40 hours) 


Verify test with PROM writer 





— —_= a «EEE aad aus ED ened —eEe Pe eee a 
| Function check in target device | 
_ anuwr aaEweewwe asuwpe «a= a=» a ure ee aa i mmiaiaiedl J 
Caution ° Never expose to 150°C exceeding 100 hours. 


ADDRESSING MODES 

The M37702E8BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E8BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E8BXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 
Parameter Conditions Ratings 
Vec =0.3~7 


aes RS aa A 


V 
—0. 3~12(Note 1) 











P49~P4,, P5o~ P57, P69~ P67, P7 9~P77, —(0, 3~Voct0. 3 


P89~P87, Vrer, Xin 
Output voltage PO9~P07, Plo~P17, P29~P27, P39~P33, 
P4)>~P47, P5p~P57, P69~P67, P79>~P77, 
P89~ P87, Xour, E 7 
Power dissipation 














Operating temperature 


Storage temperature 


Note1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 





RECOMMENDED OPERATING CONDITIONS (Vcc=5v+10%, Ta=—20~85°, unless otherwise noted) 


Parameter 





Supply voltage 

Analog supply voltage 

Supply voltage 

Analog supply voltage 

High-level input voltage POg~P07, P39~P33, P49~P47, 
P59~P57, P69~P67, P7>~P77, 
P8o~P87, Xin, RESET, CNVgsg, 
BYTE 

High-level input voltage P19~P17, P29~P27 
(in single-chip mode) 





High-level input voltage P19~P17, P29>~P27 
(in memory expansion mode and 
microprocessor mode) 

Low-level input voltage PQ o~P07, P39~P33, P49 ~P4,, 
P5o~P57, P69~ P67, P79~P77, 
P89~ P87, Xin, RESET, CNVssg, 
BYTE 

Low-level input voltage P19~P17, P29~P27 
(in single-chip mode) 














Low-level input voltage P1p~P17, P29~P27 
(in memory expansion mode and 
microprocessor mode) 


| High-level peak output current PQg~P07, Plo~P17, P29~P27, 
P39~P33, P4g~P47, P5o~ P57, 
P6o~ P67, P79~ P77, P89~ P87 








High-level average output current POg~P07, Pigp~P17, P2o~P27, 
lon(avg) P39~P33, P4g~P47, P5p~P57, 
P69~P67, P7o~P77, P89~P87 

Low-level peak output current POQg~P07, Plo~P17, P29~P27, 
lou( peak) P3p~P33, P4g~P47, P5g~P5z, 
P69~P67, P7o~P77, P89~P87 

Low-level average output current POg~P07, Plo~P17, P29~P27, 

lo-.avg) P39~P33, P4gp~P47, PSp~P5z, 
P60~P67, P7o~P77, P89~P87 


f(Xin) External clock frequency input 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lou(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon( peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(Xin) =25MHz, unless otherwise noted) 


Limits 
Parameter Test conditions ; 


High-level output voltage PO9~P07, Plg~Pt17, P29~P27, 
P35, P3,, P33, P49~P4z, 
P50~ P57, P€o~ P67, P79~ P77, 
P8~ P87 

High-level output voltage POp~PO07, P1gp~P17, P29~P2;, 
P39, P31, P33 











lon= —10mA 











lon= — 400 u A 











lon=—10mMA 
lon=—400uA 
lon=—10mA 
lon=—400uA 





High-level output voltage P32 














High-level output voltage E 








Low-level output voltage POg~P07, Plo~P17, P29~P27, 
P35, P3), P33, P49~ P4,, 
V lop =10mA 
OL P5o~P57, P6y~P67, P7>~P77, ia 
P89~ P87 
Low-level output voltage POo~P07, P1p~P17, P29~P27, 
P39, P31, P33 











VoL lop =2mA 














lop =10mA 
lop =2mA 
lop=10mA 
lop =2mMA 














VoL Low-level output voltage P3. 




















VoL Low-level output voltage E 





Hysteresis HOLD, RDY, TAOin~TA4in, TBO w~TB2in, 
Vr+—7Vr— 


Virsa | Hysteresis RESET pe ee 


High-level input current POg~ P07, Pig~P17, P2o~ P27, 
P3o~ P33, P4o~P47, P5o~ P57, 

Lhe Vi=5V 
P60~ P67, P7o~ P77, P89~ P8,, 
Xin, RESET, CNVgs, BYTE 

Low-level input current POg~P07, Plp~P17, P29~P2z7, 


P39~P33, P4>~P47, P5o~P5y, 
tie 0 3 0 7 0 7 V,=0V 


P69~ P67, P7)>~P77, P8)~ P8,, 
Xin, RESET, CNVss, BYTE 


RAM hold voltage When clock is stopped. 



































(Xin) =25MHz, 

In single-chip mode | square waveform 
output only pin is Ta=25'C when clock 
open and other pins | is stopped. dell 
are Vss during reset. | T,=85°C when clock 
is stopped. 


Power supply current 























Parameter Test conditions 





Resolution Vrer= Voc 
Absolute accuracy Vrer= Voc 





Ladder resistance Vrer= Voc 





Conversion time 


Reference voltage 


Noon 
Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) 
External clock input 





Symbol ” Parameter 








External clock input cycle time 





External clock input high-level pulse width 














External clock input low-level pulse width 








External clock rise time 





External clock fall time 


Single-chip mode 


Symbol Parameter 











tsu(pop—e) Port PO input setup time 











tsu(p1D—e) Port P1 input setup time 














tsu(p2D—e) Port P2 input setup time 

















Port P3 input setup time 


tsu(pap—e) | Port P4 input setup time 











tsu(psp—e) Port P5 input setup time 


Port P6 input setup time 


tsu(p7pD—e) Port P7 input setup time 
































tsu(psp—e) Port P8 input setup time 


Port PO input hold time 


th(e—Pp1pD) Port P1 input hold time 


Port P2 input hold time 


th(e—p3b) Port P3 input hold time 











th(e—Ppav) Port P4 input hold time 
th(e—psp) Port P5 input hold time 


Port P6 input hold time 
Port P7 input hold time 
th(e—psp) Port P8 input hold time 


























Memory expansion mode and microprocessor mode 


Symbol Param eter 





tsu(p1D—e) Port P1 input setup time 








tsu(p2p—e) Port P2 input setup time 











tsu(rapy—¢ ) | RDY input setup time 

















tsu(HoLD—¢,) | HOLD input setup time 
th(e—Pp1bD) Port P1 input hold time 
thi e—p2b) Port P2 input hold time 


th(¢ ,;—Rby) RDY input hold time 
th(¢,—HOLD) | HOLD input hold time 
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Timer A input (Count input in event counter mode) 


Symbol Parameter 


TAiiny input cycle time 


TAiin input high-level pulse width 
TAiwn input low-level pulse width 
Timer A input (Gating input in timer mode) 


Symbol Parameter 
to( Ta) TAiy input cycle time 


TAiwy input high-level pulse width 
TAin input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


























Symbol Parameter 
Min. 


to(Ta) TAiin input cycle time | 160 | 


tw(tTaAH) TAin input high-level pulse width 80 


























tw (TAL) TAin input low-level pulse width 80 


Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 








tua TAi input high-level pulse width | | 80 | 


tw(TAL) TAiin input low-level pulse width 





Timer A input (Up-down input in event counter mode) 







Symbol Parameter 














| TAiout input cycle time 






tc(up) 
tw(UPH) TAiourt input high-level pulse width 1000 | ns 





























twiuPL) TAiour input low-level pulse width 1000 
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Timer B input (Count input in event counter mode) 


tco(tB) TBiy input cycle time (one edge count) 


TBiy input high-level pulse width (one edge count) | 40 | 
TBiyy input low-level pulse width (one edge count) | 40 | 











TBi,y input cycle time (both edges count) 
TBiy input high-level pulse width (both edges count) 


TBiy input low-level pulse width (both edges count) 





Timer B input (Pulse period measurement mode) 


Symbol Parameter 


TBiy input cycle time 
TBijy input high-level pulse width 
TBiy input low-level pulse width 





Timer B input (Pulse width measurement mode) 


TBi input high-level pulse width 
TBiy input low-level pulse width 








A-D trigger input 


Symbol Parameter 


ADrre input cycle time (minimum allowable trigger) 
ADtrg input low-level pulse width 

















Serial I/O | | 


fais a ee 


CLK; input cycle time 200 ae 
CLK; input high-level pulse width 100 | 
CLKj input low-level pulse width | 100 | 

2s 










TxDj output delay time 
TxDj hold time 

RxDj input setup time 20 
Fico) | RrDjinputhoidtime SS SSCSCSCSOSOSCSCSCSCSCSCSC‘C~‘“‘~*~*~iSC*t 





External interrupt INTj input 


Symbol Parameter 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25°C, f(Xin)=25MHz, unless otherwise noted) 


Single-chip mode 


Symbol Parameter 


Port PO data output delay time 
Port P1 data output delay time 
td(e—p2a) Port P2 data output delay time 





Port P3 data output delay time 
Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 





Test conditions 





Memory expansion mode and microprocessor mode (when wait bit = 1”) 


Symbol Parameter 


Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 

Port P1 floating start delay time (BYTE=“L") 

Port P1 address output delay time 

Port P1 address output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 
td(p2a—ace) | Port P2 address output delay time 

HLDA output delay time 

ALE output delay time — 

ALE pulse width 

BHE output delay time 

R/W output delay time 

¢, output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE="L”) 








Port P1 floating release delay time (BYTE=“L”) 
E pulse width 





Test conditions 
Min. | 
eel 
ee 

eee mel 

ar 


1 


Unit 


ie 
Leda 
| 22 | 
| 20 | 
[20 | 
fs. 000e.! 
fp. 0 
fees 
Mees 


oO — > 
(2) ony; ony, on 


NO 
RO 


NIN 
oO}O 


_ 
[o.e) 


] 
1 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Port P1 floating start delay time (BYTE=“L”) 

Port P1 address output delay time 

Port P1 address output delay time 

Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 

BHE output delay time Fig. 3 
R/W output delay time 

¢1 output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE=“L”) 

Port P1 data hold time (BYTE=“L”) 

Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 

“BHE hold time 

R/W hold time 

E pulse width 






NO 





me 
” 


_— _ 
RO 
> 
oO 
a 
” 



















p=) 
i“) 








ol 
oO 
=) 
n 








oO }0;& {| & co} o!]co fee) O;O!nd;|;. O71; PO on 


_ 
foe) 














130 








Fig. 3 Testing circuit for ports PO~P8, 4, 
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TIMING DIAGRAM 
Single-chip mode 


ty tf tc ia bcd 
(Xin) : . 


E 
mg tdie-Poa) 
Port PO output x 
tsuipoo—e) = 
Port PO input | thie=poo) 
naa tdie—piq) 
Port P1 output | X 
tsucp10—e) 
pe 
Port P1 input hey thie-Pip) 
ag td(e—p2a) 
Port P2 output x 
tsu(p20—€) 
Port P2 input es thie—p20) 
aay tdie—p3q) 
Port P3 output Di 
tsuiesp—e) 
_-— 
Port P3 input ie th(e—pap) 
] tdi e—paaq) 
Port P4 output F,' 
tsu(pap—e) I 
a) 
Port P4 input thie—Pao) 
bay tdie—Psa’ 
Port P5 output _X 
tsuipsp—e) — 
Port P5 input is thie—Pso° 
may tdie—p6a) 
Port P6 output Xx 
tsu(peo—E: 
_—~ 
Port P6 input ic thie—PepD' 
eel tdie—p7a) 
Port P7 output Xx 
tsuie7D-E a 
; 
Port P7 input | \ if pera 
nity tdie—Psa’ 
Port P8 output B. 
tsuipsp—e: 
Su(P8D—E pal 
Port P8 input ie th:e—psp 
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TAiwn input 





TAiour input 


TAiout input 
(Up-down input) 


In Event counter mode 


TAiyn input 
(When count by falling) 
. thityy—UuP) tsu(uP—T)y) 
eS b> eT at 
(When count by rising) 


TBiwy input 


te(ad) 






twiAbL) 


ADrrg input 


te(ck) 
CLK; 
nr ae = 
BO a, fl 
tsu(p—c) thic—p) 
Ta Re 
RxDj 


twaInL) 


INT; input | 
twin) 








: | MITSUBISHI 
ane ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37702E8BXXXFP 
M37702E8BFS 


PROM VERSION of M37702M8BXXXFP 





Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


p; 


RDY input 


(When wait bit = “0”) 


g; 











RDY input 


(When wait bit = “1” or “0” in common) 


$y 


thi ¢,;—HOLO) 


tsu( HoLD— ¢,) 


HOLD input 






td(¢,;—HLDA) td(¢;—HLDA) 





HLDA output 


Test conditions 

*Voc= 5 V+10% 

* Input timing voltage : V,_=1.0V, Vin=4. OV 

* Output timing voltage > Vo, =0. 8V, Von=2. OV 
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Memory expansion mode and microprocessor mode (When wait bit="1”) 


f( Xin) 


b 


Port PO output 
(Ag~A;) 


Port P1 output 
(Ag~Ais/Da~Di5) 
(BYTE="L”) 


Port P1 output 
(Ag~Ais) 
(BYTE="“H") 


Port P1 input 


Port P2 output 
(Are~Az3/Do~ D7) 


Port P2 input 


Port P3, output 
(ALE) 


Port P3, output 
(BHE) 


Port P3, output 
(R/W) 













Pm 
a, GD 
=) oe eo ee “(ses 


tdip1a—e) 
thie— P1A) ; 


sD 
= a 


thiace— my! eras P2z) tpzx.€—p2z 


DE 








aie ice va aa Address 


== = 
tsu(p2D-£) 
d(P2A—ALE) 
cE (E—-P2Q) -——| th. e-p2p) 
—— ALE) 
td.ace-e: 


jaecceae E) r+ 
E-BHE: 


tdiasw—e) 






th.e-aw’ 


Test conditions 

Voc= 5 V+10% 
* Output timing voltage : Vo, =0. 8V, Von=2. OV 
* Ports P1,P2 input » Vip =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 


f(Xin) ap 


?y / 

tdie—¢)) d 
a tdie—9,) 
. Nn ee gl 





(Ag~Az) 
ner maae-rinp| fer ss mee P1Z) 
or output 
Bee Bie Pe Pie) Address ) Data | Madaress Address 
BYTE="L” 
a ail 





tq (P1A—ALE) re 
Port P1 output 
(Ag~A\s) | Address _& 
(BYTE="H") _ 
] 


thie—pip) 


Port P1 input 


thi aLe—p2a) > >| tpzx(E—P2z) 
Port P2 output ( bata] adaress) mm 


(Aye~Ao3/Do~Dy) Address X Data Data ddress Address 


fe = 











tsu(p20—-e) 


= thi e—p2p) 






i 


t (P2A—E) 
td(p2a—atce) d 


Port P2 input 


tW(ALe) 
td(ace—E! 
Port P32 output 
(ALE) 





td( BHE-E) 
ap h(E—-BHE) 
Port P3, output 
(BHE) 
tdi p/w.) 
th(e—rRw) 


Port P3, output 
(R/W) 


Test conditions 

Vec= 5 V+10% 
* Output timing voltage > Vo. =0. 8V, Von=2. OV 
* Ports P1, P2 input » Vip =O. 8V, Vin=2. 5V 
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DESCRIPTION 

The M37702E8LXXXHP is a single-chip 16-bit microcompu- 
ter designed with high-performance CMOS silicon gate 
technology. This is housed in a small 80-pin plastic molded 
QFP. The features of this chip are similar to those of the 
M37702M8LXXXHP except that this chip has a 60K-byte 
PROM built in. 

This microcomputer has a large 16M bytes address space, 
three instruction queue buffers, and two data buffers for 
high-speed instruction execution. The CPU is a 16-bit para- 
llel processor that can also be switched to perform 8-bit 
parallel processing. This microcomputer is suitable for 
communication, office, business and industrial equipment 


controller that require high-speed processing of large data. . 


Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The strong points of the M37702E8LXXXHP are the low 
supply voltage and small package. 


FEATURES 
e@ Number of basic instructions ee re ee re ee 103 
@ Memory size PROM(one time) -r tt 60K bytes 
oy.\ \\ oe 2048 bytes 

@ Instruction execution time 

The fastest instruction at 8MHz frequency °:-::--::-- 500ns 
@ Single low supply voltage: 2.7~5.5V 
@ Low power dissipation 

(At 3V supply voltage, 8MHz frequency) --- 12mW (Typ.) 

(At 5V supply voltage, 8MHz frequency) --- 30mW (Typ.) 
@ Wide operating temperature range--:*":*""*"-*: —40~85°C 
@ Interrupts Perr errr ee ee ee ee 19 types 7 levels 
@ Multiple function 16-bit timer <r e 5+3 
© VART (may also be synicnrondu Ss) Sn Oe ae se 2 
@ 8-bit A-D converter srt irrt tte 8-channel inputs 
@ 12-bit watchdog timer 
@® Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) <r + 68 
Small package 
aceceeanna ise 80-pin Fine-pitch QFP (0.5mm lead pitch) 


APPLICATION 

Control devices for communication equipment such as 
cellular radio telephones, cordless telephones, and radio 
communications 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
and measuring instruments 
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PIN CONFIGURATION (TOP VIEW) 





— P77/AN7/ADtRG 











«+ P8,4/CTS;/RTS; 


ISl<+ P67/TB2in 
> P7 9/ANo 
> P7,/AN, 
+ P7./AN> 
+ P73/AN3 
> P74/AN, 
+ P7s5/ANs 
++ P7.6/AN5 

PS}<+ P85/CLK, 


[3] 
oO 





[3] 














P6./TB1n 1] 
P6s/TBOw 
P6,/INT> > 
P63/INT, + [4] 
P62/INTo + 
P6,/TA4 ny +> [6] 
P60/TA4out 
P5,/TA3n + [8] 
P5¢6/TA38 out + [9] 
P5./TA2n + [10 
P5,/TA2out rit 
P53/TA1in 
P5,/TA1 out ** 
P5,/TAOQn + [14] 
P59/TAQour a 
P4,/DBC* + [ig 
P4,/VPA* «+ 
P4,/VDA* +> [ig 43] + P17/Ays/Dis 
P4,/QCL* ++ [79] ++ P25/A16/Do 
P4,/MX* at} +> P2,/A,7/D, 


60) +» P8,/R,xD, 


s 








dHXXX184Z20ZZEW 











24 40| 
a ae a | area a Ge ee Se ae es oe 
S>|QW Yr Zhi Vig WiWl> & © 
Jalee sx 3 SG sje aodddad 
wCORZz 0 x “FSiOe gaggee 
aS Oe CSE LIKES 
x3 Pd Oh hoes oe 
v iE NENENE NESS 
a a aoanon 
Outline 80P6D-A 


* : Used in the evaluation chip mode only 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
crocomputer. 
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M37702E8LXXXHP BLOCK DIAGRAM Reference Bus width 


Clock tnput Clock output Enable output Reset input (5V) (OV) (OV) (OV) (5V) voltage input selection input 
Xin Xout E RESET Voc Vv CNVss AVss Wie Varer BYTE 


es re re re rs re 





















Instruction Register (8) 
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FUNCTIONS OF M37702E8LXXXHP 


Parameter Functions 











Number of basic instructions 103 








Instruction execution time 500ns (the fastest instruction at external clock 8MHz frequency) 
PROM 60K bytes 
RAM 2048 bytes 
PO~P2, P4~P8 8 -bitX 8 
P3 4-bitX 1 
TAO, TA1, TA2, TAS, TA4 | 16-bitX 5 
TBO, TB1, TB2 16-bitX 3 
Serial 1/O . Saal (UART or clock synchronous serial I/O) X2 


A-D converter 8 -bitX 1 (8 channels) 
Watchdog timer 12-bitX 1 














Memory size 





























Input/Output ports 


























Multi-function timers 






























































oo a = 
3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 


Interrupts 











Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 2.7~5.5V 

“| 12mW(at 3V supply voltage, external clock 8MHz frequency) 

30mW(at 5V supply voltage, external clock 8MHz frequency) 





























Power dissipation 











_ Input/Output voltage 5V 
Input/Output characteristic —S- 


Output current 5 mA 
Memory expansion Maximum 16M bytes 


Operating temperature range —40~85°C 
















































































Device structure CMOS high-performance silicon gate process 
Package 80-pin plastic molded fine-pitch QFP (80P6D-A : 0.5mm lead pitch) 
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PIN DESCRIPTION (NORMAL MODE) 





















































































































































Pin Name Input/Output Functions 
Power supply Supply 2. 7~5. 5V to Voc and 0 V to Vgs. 

CNVsg CNVsgg input Input This pin controls the processor mode. Connect to Vss for single-chip mode. 

RESET Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 

Xin Clock input Input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xj and Xour. When an external clock is used, the clock source should be connected to the Xix pin 

Xout Clock output Output and the Xourt pin should be left open. 

E Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 

BYTE Bus width selection input Input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 

AVcc, AVss_ | Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVsgg to Vgs externally. 

Vrer Reference voltage input Input This is reference voltage input pin for the A-D converter. 

pee = 

PQ ~~ P07 1/O port PO 1/0 In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 

Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 

Pig~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to "L" in 
memory expansion mode or microprocessor mode and external data bus is 16 bit width, high order catia 
(Dis~Dg)is input or output when E output is “L” and an address (Ajs~Ay) 18 Output when E output is CH" 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address( Ay. Agiis output 
—______—_- 

P29~P27 I/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion trode or microp: 
rocessor mode low-order data(D7~Do) is input or output when E output is “L” and an addross( Aj. Aywcts 
output when E output is “H”. 

P39~P33 I/O port P3 1/0 In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 

at 

P49~ P47 I/O port P4 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P49 and P4,; become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 

P59~ P57 1/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2, and timer A3. 

P69~ P67 1/O port P6 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT;, and INT» pins, and input pins for timer BO, timer B1, 
and timer B2. 

1/O port P7 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~ANz input pins. P77 also has an A-D conversion trigger input function. 

I/O port P8 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


—_ Supply 5 V+10% to Vcc and 0 V to Vgs. 


















Pin Name 









Voc, Vss Power supply 





Vpp input Connect to Vpp when programming or verifing. 





Vpp input Connect to Vpp when programming or verifing. 


Reset input Connect to Vss. 














Clock input Connect a ceramic resonator between Xin and Xour. 


Eo! Connect AVcc to Voc and AVgg to Vss. 


Input Connect to Vss. 


Port PO functions as the lower 8 bits address input (Ap~Az). 


P1p>~P17 Address ig ea a Port P1 functions as the higher 7 bits address input (Ag~Ais). 











Clock output 





Enable output 











Analog supply input 


















Reference voltage input 










Address input (Ap~A7) 











P29~P2, Data 1/0 (D Ror Port P2 functions as the 8 bits data bus (Dp~D7). 











Input Connect to Vss. 





Input port P3 

















Input port P4 Connect to Vss. 





Input. 



















P59, P5; and P5. functions as PGM, OE and CE input pin respectively. 
Connect P53, P54, P55 and P5g to Vcc. Connect P57 to Vss. 


Control signal input 





Input 




















P6y- -P67 Input port P6 Input Connect to Vss. 


—_{—___— 








P7y~P77 Input port P7 Input | Connect to Vsg. 





























P89)~ P87 Input port P8 Input Connect to Vgs. 
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BASIC FUNCTION BLOCKS 

The M37702E8LXXXHP has the same functions as the 
M37702M2BXXXFP except for the following: 

(1) The built-in ROM is PROM. 

(2) The ROM size is 60K bytes. 

(3) The RAM size is 2048 bytes. 

(4) The reset circuit is different. 

Therefore, refer to the section on the M37702M2BXXXFP. 


RESET CIRCUIT 
Reset occurs when the RESET pin is returned to “H” level 
after holding it at “L” level when the power voltage is at 2.7 


Address 





Port PO data direction register  (04;,)--: 








Port P1 data direction register (0516)°"° 








Port P2 data direction register (0816)°°° 








Port P3 data direction register (0916)°°° 








Port P4 data direction register (OCi6)° 








Port P5 data direction register  (ODj.)-*: 


Port P6 data direction register  (1046)--- 
Port P7 data direction register = (1146)--° 
(1446) °° 


(1Ey6)-° 


Port P8 data direction register 
A-D control register 


A-D sweep pin selection register (1Fy.¢)--- 








UART 0 Transmit/Receive mode register (3016)°°° 0016 


o[o/o] o}o|?|7]?| 
DDD 1+) 


amet 








UART 1 Transmit/Receive mode register (3816)°°° 0016 








j=) 
io) 
oO 


UART 0 Transmit/Receive control registerO  (3446):°° 











jo) 
oO 
Oo 


UART 1 Transmit/Receive control register0 (3Ci6)°*° 


S| 








t—— 
oO 


UART 0 Transmit/Receive control register1  (3546)--° 




















UART 1 Transmit/Receive control register1 (3Dig)-°° 








Count start flag (40,6)°"" 





| JLo | 








One-shot start flag (42,6)-"° 








Up-down flag (4416)°" 








Timer AO mode register (5616)°"° 








Timer A1 mode register (5716)°"° 








Timer A2 mode register (5816)°"° 








Timer A3 mode register (5916)°"° 








Timer A4 mode register (5Ai6)*-° 








Timer BO mode register (5Bie)** 








Timer B1 mode register (5Ci6)°*° 











Timer B2 mode register (5Dig)° 

















Fig. 1 Microcomputer internal status during reset 
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~5.5V. Program execution starts at the address formed by 
setting the address pins As3~ Aig to 0016, Ais ~~ Ag to the 
contents of address FFFFig, and A7~ Ao to the contents of 
address FFFE4.. 

Figure 1 shows the status of the internal registers when a 
reset occurs. 

Figure 2 shows an example of a reset circuit. The reset in- 
put voltage must be held 0.55V or lower when the power 
voltage reaches 2.7V. 


Address 





z 


Processor mode register (5Ei6)°* 0016 








Watchdog timer FFFi6 


NM of of | 
XXX L° 


(60i6)°"° | 








Watchdog timer frequency selection flag (61ig)<- 











A-D conversion interrupt control register (7016) °°" 








UART 0 transmission interrupt control register (7146) °° 0 | 0 | 











Xx 9] 2/0| 0] 
XXX 2/0/9 
DX 0] 0/919 


UART 0 receive interrupt control register (7216): 


UART 1 transmission interrupt control register (7316)°°° 


UART 1 receive interrupt control register (7446) °°: 


Timer AO interrupt control register (7516)°°° 


Timer A1 interrupt control register (7616) °° 





Timer A2 interrupt control register (7716) 








Timer A3 interrupt control register (7816)°"° 








Timer A4 interrupt control register (7916)°°° 








Timer BO interrupt control register (7Ai6) °°: 








Timer B1 interrupt control register 








Timer B2 interrupt control register (7Cig)**° 








INT 9 interrupt control register — (7D46)-*- 











(7Ey6) °° 


(7F.e)~ [XX 0| 
o[o[o]2|?]o]ojo| 
a 0016 


| Content of FFFF;., | 


INT , interrupt control register 














INT 2 interrupt control register 











Processor status register PS 





























Program bank register PG 








Program counter PC,, 








Program counter PC, | Content of FFFE,, 








= 
Direct page register DPR 0000i¢ 











Data bank register DT 0016 





Contents of other registers and RAM are not initialized and should be in- 
itialized by software. 
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Pe Power on 


M37702E8LXXXHP 


Vec 
OV 


RESET 


2.7V 
RESE 
OV 0. 55V 





Fig. 2 Example of a reset circuit (perform careful 
evaluation at the system design level before using) 


MEMORY 


The memory map is shown in Figure 3. 


00000016 000000). 
00007F,., 
000080;. 


Bank 04. Internal RAM Peripheral devices 


2048 bytes control registers 
OOFFFFis 


01000016 
00087F 1, 


001000;¢ 
Bank 1 16 


O1FFFFi¢ 


interrupt vector table 


00FFD6.¢[_A-D conversion 
/ UART1 transmission 


UART1 receive 
UARTO transmission 
Internal PROM UARTO receive _ 
Timer B2 
60K bytes ee 
Timer BO 
Timer A4 
need Timer A3 
Timer A2 
Bank FEi¢ Timer At 
Timer AO 


FEFFFF ig | we 


INT, 
FFOOOO,, INT» 


Watchdog timer 
DBC 
BRK instruction 


Zero divide 


















































Fig. 3 Memory map 
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EPROM MODE 

The M37702E8LXXXHP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Figure 4 
shows the pin connections in the EPROM mode. 

The EPROM mode is the 1M mode for the EPROM that is 
equivalent to the M5M27C101K. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5o, 





Eibee P67/TB2in 





P54/TA2gu1 + 
P53/TA1in 

(cE) -—— P52/TAlout > 
CE)——— P5,/TAQy 
ap— P5o/TAQgur + 
P4, + 

P4, >. 

P4, ++ 





Outline 80P6D-A 


Fig. 4 Pin connection in EPROM mode 





dHXXX184320ZZEW 


=| 
3 
Ww 
i 
w 
Fal 


P33/HLDA <> 


CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C101K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C101K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 11000;.~1FFFF4.. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xjy pin and Xoyr pin. 


+> P84/CTSi/RTS, 


++ P83/T,Do 
«+ P8;/CLK; 


=] 


60] <> P8_6/R,xD, 


+ P0</As 

+> P0¢/Ag 

+> P07/A7 

++ P1o/As/Dz 
++ P1,/Ag/Dg 
+ PI 2/A39/D40 
+ P15/Aq3/D4; 
> P14/Aqo/D49 
+ P15/A13/D43 
+> P16/A14/Di4 
—_ P17/A;5/Dy5 
++ P25/Aie/Do 
++ P2,/A,2/D; 


Le] 
on 
w 
El 
Ww 
~ 
Ww 
c 
WwW 
| 


P32/ALE <> 

P31/BHE + 

P39/R/W + 
P27/Ao3/D7 > 
P24/A20/D4 — 
P23/Aj9/D3 <> 
P2/Aig/Do «+ [5 


P2¢6/A22/Dg oe 
P2s5/Ao1/Ds ++ 


) 
Cs) 
@s) 
©) 
sa) 
(2) 


* : Connect to ceramic oscillation circuit. 
‘C» ! It is used in the EPROM mode. 
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Table 1 Pin function in EPROM mode 


|_| M87702E8LXXXHP M5M27C101K 
A 
D 





PCE eT 
POE TE 





FUNCTION IN EPROM MODE 
1M mode (equivalent to the M5M27C101K) 


Reading ee 

To read the EPROM, set the CE and OE pins to a “L” level. 
‘Input the address of the data (Ap~Ajs5) to be read, and the 
data will be output to the I/O pins Dy ~Dy;. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to a “L” level and the 
OE pin to a “H” level. The CPU will enter the program 
mode when 12.5V is applied to the Vpp pin. The address to 
be written to is selected with pins Ap~Aj5, and the data to 
be written is input to pins Do~D 7. Set the PGM pin to a “L” 
level to being writing. 








Writing operation 

To program the M37702E8LXXXHP, first set Vec=6V, Vpp= 
12.5V, and set the address to 110001. Apply a 0.2ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying a 0.2ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (N) before the data can be read OK, and then write 
the data again, applying a further once this number of 
pulses (0.2XN ms). | 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 
Finally, when all addresses have been written, read with 
Voc=Vpp=5V( or Vec=Vpp=5.5V). 


Table 2 1!/O signal in each mode 

Vi | Vin 
Output V Vin 
Disable 





Output 
Floating 








IL 

tH 
Programming 
Verify 


Note 1 : An X indicates either V\_ or Vix. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=255C, Vcc=6VH0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 


Parameter 





PA Limits 
Test conditions 





Address setup time 





OE setup time 





Data setup time 
Address hold time 

















Data hold time 


Output enable to output float delay 








Voc setup time 




















Vpp setup time 











PGM pulse width 





PGM over program pulse width 











CE setup time 
Data valid from OE 
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AC waveforms 
PROGRAM VERIFY 


Vin 


Vie 


ies pam yee! 
Voc aa 


Vect1 
Vcc 
Vec 
Vin 
Vit 


Vin ce 


PGW 
V ft oN oe as 

ee ‘ 

OE 
Vir 


Test conditions for A.C. characteristics 
Input voltage : V,,=0.45V, Vjy=2.4V 
Input rise and fall times (10% ~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 


START “L"=0.8V, “H"=2V 
ADDR=FIRST LOCATION 


Vec=6.0V 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF 0.2ms 
X=X+1 
<> YES 
FAIL | DEVICE 
FAILED 


PASS 


Vin/Vou 
DATA 





Programming algorithm flow chart 






PROGRAM PULSE OF 
0.2Nms DURATION 






INCREMENT ADDR 


LAST ADDR? 
YES 
Voc= Vpp= *5.0V 


VERIFY FAIL 
ALL BYTE NED 
PASS 
DEVICE PASSED *4.5V <Voc=Vpp<5.5V 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(2) The programmable M37702E8LHP that is shipped in 
blank is also provided. For the M37702E8LHP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening in the assembly process and following 
processes. To improve reliability after write, performing 
write and test according to the flow below before use 
is recommended. 


Writing with PROM writer 


Screening 









(Caution) 


(Leave at 150° for 40 hours) 


Verify test with PROM writer 


i aun eaETP ==» asia SE ABESETIGRP eal et SF aac ™~ 
t Function check in target device | 
L_ — EP Se ee Ee 6 a> SE NE TS TS — —_ 
Caution : Never expose to 150C exceeding 100 hours. 


ADDRESSING MODES 

The M37702E8LXXXHP has 28 powerful addressing modes. 
Refer to the MELPS 7700. addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37702E8LXXXHP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37702E8LXXXHP writing to PROM order confirmation 
form 

(2) 80P6D mark specification form 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Parameter Conditions Ratings 








Supply voltage —0.3~7 





Analog supply voltage —0.3~ 7 





Input voltage RESET, CNVss, BYTE —0.3~12(Note 1) 
Input voltage PO9~P07, Plo~P17, P29™~P27, P389~ P33, 
P4y~P47, P5y~P57, P6y~ P67, P7>~P77, —0.3~Veo+0. 3 

| P89~ P87, Vrer, Xin 
Output voltage POg~P07, Pip ~P17, P29 ~P27, P3p~P33, 
P4y~P47, P5p~P57, P6y>~ P67, P7p>~P77, —0.3~Voct0. 3 


P89~P87, Xour, E ai | 


Power dissipation 200 


























ae 
Operating temperature —40~85 

















Storage temperature —65~150 
Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 





RECOMMENDED OPERATING CONDITIONS (Vcc=2.7~5. 5V, Ta=—40~85C, unless otherwise noted) 


Limits 





Parameter 








Supply voltage 











Analog supply voltage 








Supply voltage 








Analog supply voltage 

High-level input voltage PO9~P07, P389~P33, P49~P4z, 
P59~P57, P69~P67, P7o~P77, 
P8o~P87, Xin, RESET, CNV¢g, 
BYTE 

High-level input voltage P1p~P17, P29~P27 
(in single-chip mode) 











High-level input voltage P1gp~P17, P29~P27 





(in memory expansion mode and 
microprocessor mode) 

Low-level input voltage POg~P07, P389>~P33, P4o0~P4;, 
P59~P57, P69~P67, P79~P77, 
P8)~P87, Xin, RESET, CNVss, 
BYTE 

Low-level input voltage P1lg~P17, P29~P27 
(in single-chip mode) 

















a oe 





Low-level input voltage P1p>~P17, P29~P2, 
(in memory expansion mode and 


microprocessor mode) 








High-level peak output current POQg~P07, Pig~P17, P29~P27, 
lou‘ peak) P3p~ P33, P4o~P47, P5g~ P57, 

P6p~P67, P7o~P77, P89~ P87 
High-level average output current POo~P07, Plg~P17, P29~P27, 
lon(avg) P39~P33, P49~P47, P59 ~P5z, 
| P69~P67, P7>~P77, P89~P87 
Low-level peak output current POg~P07, Plo~P17, P29~P27, 
lo( peak) P3o~P33, P4o~P47, P5g~P5z, 

P69~P67, P7o~P77, P89 ~P87 
Low-level average output current POg~P07, Plop~P17, P29~P27, 
lotvavg) P39~P33, P4o~P47, P5g~P5z, 

P69~P67, P7o~P77, P89~P87 
External clock frequency input 





















































Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3, and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6, and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6, and P7 must be 80mA or less. 
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ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, (Xin) =8MHz, unless otherwise noted) 
Limits — 


Test conditions Min. _| 


Parameter Unit 





High-level output voltage POQg~P07, P1p~P17, P2o~P2z, 


Voc=5V, lon=—10mA 
P39, P31, P33, P4p~ Pz, me on 


: = 
P5o~ P57, P69~ P67, P7o~P77, _ _ 1 
P8,>~P8, Vec=3V, lox=—1mA 2.5 











High-level output voltage POg~P07, Plo~P17, P29~P27, 












































P3,, P3;, P3s Voc=5V, lon=—400uA 4.7 
Voc=5V, lon=—10mA 3.1 

High-level output voltage P3. Voc=5V, lon =—400uUA 4.8 > 
Vec=3V, lox=—1mA 2.6 
Vec=5V, lon=—10mA 3.4 
High-level output voltage E Vec=5V, lon=—400UA 4.8 
Voec=3V, lox=—1mA 2.6 











Low-level output voltage POp~P07, P1p~P17, P2o~P2y, 
Ow-level Output voitag 0 7 0 7 0 7 Voo=5V, acme Ora 
P3p, P3,, P33, P4y>~P4z, | 


P5o~ P57, P69~ P67, P7o~P77, 


P8 )~P8, Voc=3V, loL=1ImA ; 0. 5 


Low-level output voltage POy~P07, P1g~P17, P29~P2r, 
P3o, P3,, P3, 























Voc=5V, loL=2mA 0. 45 














Voec=5V, loL=10mA 1.9 

Low-level output voltage P3» Voc™=5V, lop =2mA 0. 43 

Voc=3V, loc=1mA | 

Vec=5V, loc=10mA Po 

Voo=3V, lor=1mA - | 

Hysteresis HOLD, RDY, TAQ\w~TA4in, TBOW~TB2in, Voc=5V 
INTo~INT2, ADtaa, CTSo, CTS;, CLKo, CLK; Voc=3V 


nid eee Voc=5V 
Vr+—V+7— | Hysteresis RESET 
Vec=3V 


Voc =5V 




















Low-level output voltage E 








Vr+—Vr— | Hysteresis Xin 
































Voc=3V 0. 06 
High-level input current POg~ P07, P19~P17, P29~P2z7, 
g pu 0 7 0 7, Feo 7 Voc=5V, Vi=5V 5 
| P39~ P33, P4)~P4z, P5o~ P57, ; A 
ie P6y~P67, P7>~P77, P8o~P8z, j ie 
Xin, RESET, CNVgp, BYTE Voor Vs ViTay 2 
Low-level input current PQg~P07, Plo~P17, P29~P2z, 
p 0 7, lg 7 0 7 Voo=5V, Vi=0V ate 
P39~ P33, P45~ P4,, P5o~ P57, | A 
= P6)~P67, P7>~P77, P8y~P8z, | i 
Voc=3V, Vi =0V ; —4 


Xin, RESET, CNVss, BYTE 
Vram RAM hold voltage When clock is stopped. 2 V 


(Xin) =8MHz, | Voo=5V 6 " 
m 


only pin is open | +,=25°C when clock is 


and other pins | stopped. 1 


are Vss during Ta=85°C when clock is 


reset. stopped. 






























In single-chip 
mode output 







loc Power supply current 



























-Limits 
7 Unit 
Min. Typ. Ma 


‘ xX. 
Resolution Vrer=Vec 8 Bits 





Absolute accuracy Vrer=Vec +3 


Ladder resistance Vrer= Voc 


Conversion time 


Reference voltage 
-Analog input voltage : 
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TIMING REQUIREMENTS (Vec=2. 7~5. 5V, Vss=0V, Ta=25C, f( Xin) =8MHz, unless otherwise noted) 
External clock input 


Symbol Parameter i 
in. 
ee 
tc External clock input cycle time 125 
r 




























External clock input high-level pulse width 50 | 
External clock input low-level pulse width 50 P| 


External clock rise time 
External clock fall time 
Single-chip mode 


ymbdo arameter Min. | 


tsu(pop—e) | Port PO input setup time 


Port P1 input setup time 












Ww 
(o) 



















W 
oO 


tsu(p1D—e) 



















tsu(p2pD—e) Port P2 input setup time 300 
tsu(ep3p—e) Port P3 input setup time 


0 


Ww 
Oo 


tsu(e7D—e) Port P7 input setup time 
Port P8 input setup time 


Port P4 input setup time 










W 
oO 


Port P5 input setup time 


Port P6 input setup time 





jo) 





© 


eed 
| tsucp7o—) ai 
eed 
Port PO input hold time oS eae 
Port P1 input hold time a ae 
ee eee tee 
Port P3 input hold time | oof | 
ee en ee errno enee 

eee ad 
Port P6 input hold time Bo Otel 
Ea a we 5 OR 

ae ae 


Port P5 input hold time 
Port P8 input hold time 




















Memory expansion mode and microprocessor mode 


Symbol Parameter ; Unit 
Min. Max. 


Port P1 input setup time 80 | ons | 


Port P2 input setup time 80 
RDY input setup time 90 












HOLD input setup time 90 
Port P1 input hold time 
Port P2 input hold time 


th( ¢,—RDyY) RDY input hold time 


HOLD input hold time 












O;O;}o 
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Timer A input (Count input in event counter mode) 


ymbol Parameter 


tc(TA) TAin input cycle time 


TAin input low-level pulse width 





Timer A input (Gating input in timer mode) 


| 
Symbol Parameter 


TAiin input cycle time 1000 Eee’ 
TAiy input high-level pulse width 7 a 
| 500 | | 















TAijy input low-level pulse width 








Timer A input (External trigger input in one-shot pulse mode) 


te(Ta) TAijn input cycle time ; . 





tw(TAH) TAiy input high-level pulse width 


TAiin input fow-level pulse width 








Timer A input (External trigger input in pulse width modulation mode) 


_ ee rremer a* 


tw(TAH) TAiy input high-level pulse width 250 | | 
TAiy input low-level pulse width 250 ae 









Timer A input (Up-down input in event counter mode) 


















Limits 
Parameter 


in| ma 
"tecup) | Talurinpal cia ine SSCS 5000s 
twiven) | TAlour input high-level pulso width ———SSSSCSSCSCSCSCSCS~CS~CSCSCSCSSSSSSSSS*a00 |is 

: ie 

ea 







TAiourt input low-level pulse width 
TAiour input setup time 1000 
th(ty-uP) TAiour input hold time | 1000 | 
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Timer B input (Count input in event counter mode) 


Symbol Parameter 


TBiy input cycle time (one edge count) 
TBijy input high-level pulse width (one edge count) 


TBiiy input low-level pulse width (one edge count) 
TBijy input cycle time (both edges count) 
TBiin input low-level pulse width (both edges count) 





Timer B input (Pulse period measurement mode) 


Symbol Parameter 


to(1TB) TBiw input cycle time 











tw(TBH) TBiw input high-level pulse width 











tw(tBL) TBiy input low-level pulse width 


Timer B input (Pulse width measurement mode) 


Symbol Parameter 


tc(tB) TBiin input cycle time 








tw(tBH) TBiin input high-level pulse width 














tw(TBL) TBiy input low-level pulse width 


A-D trigger input 


Parameter 





tcvabd) ADrrca input cycle time (minimum allowable trigger) 











~ twiapbc) ADrre input low-level pulse width 


Serial I/O 


te(cK) 
CLKj input high-level pulse width 
260 
TxDj output delay time 
thic—a) TxDj hold time 










Parameter 













CLKj input cycle time 








—- 
(2) 
io) 


External interrupt INTj input 


Symbol Parameter 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=2.7~5.5V, Vss=0V, Ta=25°, f(Xiy)=8MHz, unless otherwise noted) 
Single-chip mode 





td(e—p4aq) Port P4 data output delay time Fig. 5 
tdce—psa) 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Symbol Parameter Test conditions 




















td(poa—e) Port PO address output delay time 






td(e—P1Q) Port P1 data output delay time (BYTE=“L”) 


tpxz(e—piz) | Port P1 floating start delay time (BYTE=“L”) 


td(p1a—e) Port P1 address output delay time 





td(p1a—ace) | Port P1 address output delay time 


Port P2 data output delay time 

Port P2 floating start delay time 

Port P2 address output delay time 
Port P2 address output delay time 
HLDA output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 

R/W output delay time 

¢, output delay time 

Port PO address hold time 
thcaLe—ria) | Port P1 address hold time (BYTE=“L’ 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 




























re 


© 
=] 
wo 




















— o;o a} o | o 
co O1;} © oO;O)|o 


ie) 
eome 
Oo 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area is accessed) 


Symbol Parameter Test conditions 



































Fig.5 Testing circuit for ports PO~P8, ¢, 





¢ MITSUBISHI ar 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


M37702E8LXXXHP 


PROM VERSION of M37702M8LXXXHP 





TIMING DIAGRAM tr tf 
Single-chip mode > 





twiL) 


(Xin) 
E 
| tdie—Prog) 
Port PO output Bp. 
tsu(Poo—e) == 
Port PO input - tive Aeee 
ng tdie—pia) 
Port P1 output | X 
tsu(P1D—e) 
pas 
Port P1 input ES. thie—pip) 
nang tdie—p2q) 
Port P2 output B. 
tsu(p20-e) 
ed 
Port P2 input ed thie—p20) 
aay tdie—P3a) 
Port P3 output iB, 
| 
tsu(p30—e) panes 
Port P3 input | thie—p30) 
— | td(e—psq) 
Port P4 output x 
tsu(pan—e) — 
Port P4 input ne thie—pao) 
ig tdie—psa) 
Port PS output S. N 
tsu(pso—-e) — 
Port P5 input a thie—psp) 
na td(e—péa) 
Port P6 output Xx 
tsuiP60—e) — 
Port P6 input | thie—pep) 
nay td(e—p7a) 
Port P7 output x 
tsu(p70—e) pena | 
t P7 i t 
oo ie Re thie—P7p) 
beg td(e—psa) 
Port P8 output xX 
tsu(Psp—e) peal 
Port P8 input | head th(e—psp) 
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tev ta) 


TAin input 






tw(uPH) 


TAigur input 


TAiourt input 
(Up-down input) (| 


In Event counter mode 


TAii, input 


(When count by falling) 


(When count by rising) 


| tc(1B) 


twiteH) 


TBiw input 
twcTev) 


tevap) 






twi aoc? 


ADrre input 


toicK’ 


| ae Ca, 


ne a 
| tsuco-c: thic-o 
PRESS De 
RxDj 
tWoNe 
INT; input 
twdInH) 


thic-a: 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


py 


mi 
~ 


RDY input 


tsu(roy—4,)|  th(¢1—Roy) 


(When wait bit = “0”) 


oy 


fom 


/ 


mi 


RDY input 


tsu(roy— 6) th(¢1—Roy) 


(When wait bit = “1” or “0” in common) 


$y 


thie, ) 
tsu(HOLD— 4) h(4;—HOLD 


HOLD input 






td(¢,—HLDA) td(¢)—HLDA) 





HLDA output 


Test conditions 

* Voc = 2.7~5. 5V 

* Input timing voltage > Vip = 0. 2Vec, Vin = 0. 8Vcc 
* Output timing voltage * Vo. = 0. 8V, Vow = 2.0V 
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Memory expansion mode and microprocessor mode ‘(When wait bit="1") 


(Xin) 


¢, 
tdie-¢,) die—4,) 
E 














Port PO output 
( Ao~ A; ) 


_ Address 


we. 
— 





tozx(e—P1z) 
Port P1 output 
(Ag~A15/Dg~D,5) 
(BYTE="L") 


Address 


td(pia—eE) 


ae a 





(Ag~Ais) 
(BYTE="H") —— 
Port P1 input 


eres | tpxz(E—p 22) 
fe) ae : 
pine { _Aaaress || vata | Address | br —--—— 


thie—Pip? 


tpzx:e—p2z) 






Address 





(Aye~A23/Do~D7) tsu(p20-€) 

tdi p2a—ALe) a thie—p20) 
Port P2 input | 

twi ace) 
CG: ALE-E' 

Port P3, output 
(ALE) 

tdi eHe—e: ne 

aac nid eas 

zr i a) aaa 
(BHE) 

Se: thie—ayw: 


Port P3, output 
(R/W) 


Test conditions 

* Voc=2. 7~5. 5V 

* Output timing voltage > Vo. =0. 8V, Von=2. OV 

* Ports P1, P2 input > Vy =0. 16Voc, Vin=0-. 5Vcc 
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_ Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


(Xin) 


tc 


i 










¢; 
tdie-s) + 
_ tdie- —¢) 
. aay 
PRE fy poem 

rata (Troe [| vase TD 
(Ag~Az) 

th(ace—P1a) tozx(e—P1z) 
ee er 
(BYTE=“L”) me mail : 

tg (p1A—ALe) 

t t = 
Port P1 output NieE—P 1A) ae B "eR d(P1a—€) 
(Ag~ Ais) | Address | > | De] Address | Address = 
(BYTE="H") 
aie ha P10) 

Port P1 input 


Port P2 output 


(Aie~A23/Do~D7) Lowes fe 


Port P2 input 


(ALE) 


Port P3, output 


(BHE) 


Port P3, output 


thi ace—P2a) ani ea ent a P22) 


Address 






——— 


a thie—p2p) 


eae ores 


“tt 
Gi ALE— E) 
Port P3, output 





tdieHe-e) 
h(e- sHe) 
tdirnyw-e) 
ne- Aw: 





(R/W) 
Test conditions 
* Vec=2. 7~5. 5V 
* Output timing voltage : Vo. =0. 8V, Von=2. OV 
- Ports P1, P2 input : V,,=0. 16Vec, Vin=0. 5Vec 
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M37703 GROUP PROM VERSION 

The M37703 group has the PROM version which can be writ- 
ten into the internal PROM corresponding to the mask ROM 
version. . 

PROM version is : 


@One time PROM version which can be written once 


The PROM version has the same functions as the mask ROM 
version except for a built-in PROM. Additionally, it has the 
EPROM mode for writing into the internal PROM. 

General purpose PROM writer can be used for writing, so tha 
the PROM version is suitable for the small quantity and vari- 
ous production. i 


FEATURES 

@Choice of 16MHz, and 25MHz versions as external clock 
input frequency 

@Choice of wide operating temperature range version (“E” 
version) 

@Choice of two types as EPROM mode 
*256K mode ............. equivalent to EPROM M5M27C256K 
e1M mode................. equivalent to EPROM M5M27C101K 






PROM VERSION 


Expansion of M37703 group PROM version 
ROM | Group name] Memory size |FrequencyeTemp. 
type | + Memory (Byte) «Supply Vol. 

identification [ROM|RAM| A | B | E | 
One | m37703E2 | 16K | 512 ele |—| a 
ru WETES | x ant] @ | @ |@ | ah 


@ : NOW 


Package 




















% The former 8MHz version was unified into “A” version. “A” 
version Satisfies the timing requirements and the switching 
characteristics of 8MHz version. 
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M37703E2-XXXSP is unified into 
M37703E2AXXXSP. 


DESCRIPTION 

The M37703E2AXXXSP and M37703E2BXXXSP are single- 
chip microcomputers designed with high-performance 
CMOS silicon gate technology. These are housed in a 64- 
pin shrink plastic molded DIP. The features of these chips 
are similar to those of the M37703M2AXXXSP_ and 
M37703M2BXXXSP except that these chips have a 16K- 
byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The differences between M37703E2AXXXSP and M37703 
E2BXXXSP are the external clock input frequency as shown 
below. Therefore, the following descriptions will be for the 
M37703E2AXXXSP unless otherwise noted. 











External clock input frequency 
M37703E2AXXXSP 16MHz 
M37703E2BXXXSP 25MHz 


FEATURES 
@ Number of basic instructions:::-+---------1ter rte 103 
@ Memory size §PROM(one time) -:- 0 16K bytes 
RAM Cee m ere meres naseneeseserenssccene 51 2 bytes 
@ Instruction execution time 
M37703E2AXXXSP 


(The fastest instruction at 16 MHz frequency)::::-: 250ns 
M37703E2BXXXSP 
(The fastest instruction at 25 MHz frequency)::::-: 160ns 
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PIN CONFIGURATION (TOP VIEW) 

















AVoc Voc 
Vaer > +> P8,/CTSo/RTSo 
AVss +> P8,/CLKo 
P7,/AN7/ADtRo +> P8./RXDo 
P7>/AN> + +> P83/TxDo 
P7,/AN, +> P8,./RxD, 
P7)/ANo > +> P8,/TxD, 
P6;/TBOin + +> P0o/Ag 
P6,/INT> <> +> P0,/A, 
P63/INT, + +> P0./A2 
P62/INTp +> P03/A3 
P57/TA3in zz +> P04/A, 
P5¢/TA80ur eo o > P0;/As 
P5</TA2in x ++ P0g/Ag 
P54/TA2out a ie +> P02/A; 
P53/TA1in eS +> P1/Ag/Dg 
P5./TAlourt 2s 2S ++ P1,/Ag/Dg 
P5,/TAOw > x< x< +* P1o/Aj0/Di0 
P59/TAQour + eae + P1s/Ai/Di1 
P4,/DBC* + > P14/A42/D42 
P4./¢,< > P15/Ay3/Di3 
P4,/RDY +> P16/Ay4/Dy4 
P4)/HOLD «> +> P17/A45/Dis 
BYTE —> ++ P25/Ai6/Do 
CNVss +> P2,/A17/D, 
RESET > +> P25/A19/D> 
Xin +> P2,/A;9/D3 
Xout ++ P2,/Ao0/D, 
E+ ++ P25/Ao1/Ds 
Vs ++ P2,/Ao0/Dg 
P3,/ALE «> ++ P2>/Ao3/D7 


P3,/BHE ++ +> P39/R/W 


Outline 64P4B 


*: Used in the evaluation chip mode only 


APPLICATION 
Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 








@ Single power supply Sh adeno NGG o-oo ay ei Sieve lav.0 co tas0a 8 MIO OCe Sale ele rele canoe 5V+10% 
@ Low power dissipation (at 16 MHz frequency) alae 
=~ power dissipation (at 16 MHz frequency) Control devices for industial equipment such as ME, NC. 
a YP. communication, and measuring instruments 
® Interrupts Se er i 19 types 7 levels 
@ Multiple function 16-bit timer: 5+3 NOTE 
@ Cm eee cream eran ecceesaresssne * 
UART (may also be synchronous) “"" 2 Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
@ 8-bit A-D converter str 4-channel inputs 
crocomputer. 
@ 12-bit watchdog timer 
@ Programmable input/output 
(ports PO, P1, P2, P3, Pé, PS, P6, PZ, PB): er 53 | M37703E2AXXXSP satisfies the timing requirements and 
the switching characteristics of the former M37703E2- 
XXXSP. 
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FUNCTIONS OF M37703E2AXXXSP 














Functions 


103 








250ns (the fastest instruction at external clock 16MHz frequency) 








160ns (the fastest instruction at external clock 25MHz frequency) 








16K bytes 
















512 bytes 











8 -bitx 4 








6 -bitX 1 


























Parameter 
Number of basic instructions 
; M37703E2AXXXSP 
Instruction execution time 
M37703E2BXXXSP 
PROM 
Memory size 
RAM 
PO, P1, P2, P5 
| t/Output port Ee 
nput/Output ports 
P ian LF P6, P7 
P3 
oe 
TAO, TA1, TA2, TA3, TA4 
Multi-function timers 
TBO, TB1, TB2 





4 -bit* 3 

3 -bitX 1 

16-bitX 5 (4 Input/Output functions) 
16-bitX 3 (1 Input function) 























Serial |/O 





UARTX 2 (One can be set clock synchronous serial |/O.) 











A-D converter 





Watchdog timer 






Interrupts 


Clock generating circuit 









Supply voltage 








8 -bitX 1 (4 channels) 
12-bit 1 














3 external types, 16 internal types 
(Each interrupt can be set the priority levels to 0 ~ 7.) 








Power dissipation 

















Input/Output voltage 








Input/Output characteristic 






Output current 











Memory expansion 









Operating temperature range —20~85°C 





Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 















60mW(at external clock 16MHz frequency) 














Maximum 16M bytes 


64-pin shrink plastic molded DIP 
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PIN DESCRIPTION (NORMAL MODE) 


Power supply | _ Supply 5 V+10% to Vcc and 0 V to Vss. 
Vss t 


CNVss input Input This pin controls the processor mode. Connect to Vsg for single-chip mode. 


i? ‘asa fase 
Xin Clock input 

Xout Clock output Output 
Enable output 













To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xn pin 
and the Xoyr pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 







BYTE 


Bus width selection input 


AVcc, 
AVss 


Veer Reference voltage input 


POQo~P07 1/O port PO 


Analog supply input Power supply for the A-D converter. Connect AVcc to Vcc and AVgs to Vgs externally. 


This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit !/O port. An 1/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 





i/ 


P19~P17 1/O port P1 1/O In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D15~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H’. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 


P29~P27 1/O port P2 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Do) is input or output when E output is “L” and an address(Az3~Aj6)is 
output when E output is “H”. 








P39~ P32 ; 1/O port P3 /O In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 







































P49~P4o, 1/O port P4 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 

P47 rocessor mode, P49 and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4. can be program- 
med for ¢; output pin divided the clock to Xin pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 

PSo~ P57 1/O port P5 In addition to having the same functions as port PO in single-chip mode, these pins also function as 1/O 
pins for timer AO, timer A1, timer A2, and timer A3. 

P62~ P65 I/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO. 

P7o~P7o, 1/O port P7 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 

P77 input ANo~AN2 and AN; input pins. P77 also has an A-D conversion trigger input function. 


P89~P83, I/O port P8 © 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 


TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 






P86, P87 
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PIN DESCRIPTION (EPROM MODE) 


pin Name Input/Output Functions 
Power supply | ‘eesene 5 V~10% to Voc and 0 V to Vs. 

Vpp input Input Connect to Vpp when programming or verifing. 

Vpp input Input Connect to Vpp when programming or verifing. 


Reset input Input Connect to Vgs. 




















Clock input Input Connect a ceramic resonator between Xiy and Xour. 





Clock output Output 


mt Enable output Output Keep open. 


AVcc, AVss_ | A-D power supply Connect AVcc to Voc and AVsgsg to Vss. 





Reference voltage input Connect to Vss. 





Address input (Ag~A7) Port PO functions as the lower 8 bits address input (Ap~A7). 


P1p~P1, Address input (Ag~ Ais) Port P1 functions as the higher 8 bits address input (Ag~Ais). In 256K mode, connect P17 to Voc. 








P29~ P27 Data 1/O (Do~D7) Port P2 functions as the 8 bits data bus (Dpg~Dy). 
Input port P3 Connect to Vsgs. 


Input port P4 Connect to Vss. 





Control signal input P59*, P5, and P52 function as PGM*, OE and CE input pin respectively. 
Connect P53, P54 and P55 to Voc. Connect P5g to Vsg in 256K mode and to Vcc in 1M mode. Connect P57 to 
Vss. 


P62.~ P65 Input port P6 — Connect to Vss. 


P7o~P7o, Input port P7 Connect to Vss. 
P77 
P8 


o~ P83, Input port P8 Connect to Vgs. 
P8., P87 

















* : It is available in 1M mode. 
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BASIC FUNCTION BLOCKS 


Since these processors operate in exactly the same way as 
the M37703M2AXXXSP, refer to the section on the 
M37703M2AXXXSP. | 


MEMORY 


The memory map is shown in Figure 1. 





















UARTO receive 
Timer B1 


Timer BO 
Timer A4 











FE0000\. Timer A3 


Timer A2 
Timer A1 
Timer AO 
INT» 
iNT, 
INTo 
Watchdog timer 









Bank FEi6 
\ Internal PROM 






















FEFFFF 6 


‘ i 16K bytes / 
FFO000i¢ 



















BRK instruction 
Zero divide — 
RESET 






\ 
OOFFFFi¢ OOFFFE 16 





FFFFFFi¢ 


000000). | ~~ ~ 900000; ~ 00000046 
00007 Fi. 
000080. 
. Peripheral devices 
Bank 016 _ Internal RAM control registers 
512 bytes OS 
OOFFFFic NN 
01000016 00007F ,¢ 
\ 00027F i, 
\ 
Bank 116 \ | ; 
\ 
O1FFFFi¢ \ 
\ 
\ Interrupt vector table 
\ 
\ ey 
\ UART1 transmission 
\ jp UART1 receive 


Fig. 1 Memory map 
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EPROM MODE 

The M37703E2AXXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 shows the correspondence between pins and Fig. 2 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5o, 
CNVsg and BYTE are used for. the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 





Table 1 Pin function in EPROM mode 


es M37703E2AXXXSP | M5M27C256K | M5M27C101K 


auras input | Ports PO, P1* 




















Data | 1/O Port P2 BB 


PGM 


: In 256K mode, connect P17 and P59 to Voc. 








the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,~ 7FFF,, in 256K mode, and 
address 1C000,g.~1FFFFi¢ in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to X;y pin and Xoyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 
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64} Veg —— 
++ P8/CTSo/RTSo 
+> P8,/CLKy 
P7,/AN7/ADrro + [4 61] +> P8,/RxDo: 
P72/AN> + [60] +> P83/TxDo 
>—_—_—_——_—__—————P7,/AN, +[6| +> P8,/RxD, 
>—_—____——_—-P7,/ANy +> P8,/TxD, 
Equivalent to the P6s/ TBO ag EF #2) PO Ag) 
M5M27C256K ¢+——___——_——P6,,/INT, + [9] +> POQ,/A,; ————@p 
O P6,/INT, + ++ P0;/Ap 
P62/INTo +> ++ P03/A3 -————) 
P57/TA3in + ++ P0,/Ag,————@) 
. o—-—¢ P5¢/TA3 our + +> P0;/As 
One” P5./TA2Qn + ++00/ Agee 
P5,/TA2 our + +> P0,/A;,—————__@ 
P53/TA1n + 49} +> P1>/Ag/D, ——————Aa 
48] ++ P1,/Ag/Dyg ————“g) 
+> P15/A1o/D1p ———— 
46] +* P13/A,,/D,; ip 
| P4, ++ ++ P14/A;2/D;2 
—_ ep a a a 4a) <> P15s/Ay3/D13-— rs) Equivalent to the 
quivalent to the P4,/RDY + +> P16/Ay4/D14—@) M5M27C256K 
MSM270101K P4,/HOLD ++ = P1,/Ay5/Dis ea ay nat roe 
BYTE — 41] ++ P29/A,¢/Dp ———©o) Equivalent to the 
are CE he 6] + 89,74 ,-/0 MSM27C101K 
RESET —> ++ P2,/A,3/D2———©» 
Z ————_—— Xin ++ P23/A,9/D,——_03) 
Xa ++ P2,/A29/D4-——_) 
Ee ++ P2,/A2,/Ds————‘) 
Vss ++ P2¢/Ao2/Dg ————) 
P3./ALE ++ ++ P2,/Ao3/D7 ————on) 
P3,/BHE ++ ++ P3/R/W 








Equivalent to the CE >—$—-P5,/TAlout + 


M5M27C256K 
O (OE)>————P5,,/TAQwn +> 


ana, P59/TAQour ** 


dSXXXVCACOLZEW 


Vss) * : Connect to ceramic oscillation circuit. 
C > : Same functions as M5M27C256K. 
Outline 64P4B 


Fig. 2 Pin connection in EPROM programming mode 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading ee 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ag~Aj,5) to be read, and the 
data will be output to the 1/O pins Dy ~D,. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ag~Aj;s5, and the data to be 
written is input to pins Do~D7. Set the PGM pin to “L” level 
to being writing. 





Writing operation 

To program the M37703E2AXXXSP, first set Vec=6V, Vpp= 
12.5V, and set the address to 1C000;,. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2X ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.5V). 


Table 2. I/O signal in each mode 






Data I/O 





Read-out 
Output Vin 
Disable 

Programming 


Output 
Floating 
Floating 











X 5V |} 5V 


——}--_--- 


Vin Xx 
Vin Vin Vii |12.5V) 6V 





Programmin 
- g Vie Vit Vin 12. 5V 6 V Output 
Verify 


Program Disable} Vin View cl Maa [F205 6V 


Note 1 : An X indicates either Vj or Vix. 

















Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25£5C, Vec=6VH0. 25V, Vpp=12. 5£0. 3V, unless otherwise noted) 





Limits 


Typ. 





Test conditions 


= 
3 





Symbol Parameter 
tas Address setup time 








—t 





OE setup time 





| tee Data setup time 




















t 
t 
t 


DS 
AH Address hold time 
DH Data hold time 








tore Output enable to output float delay 








tyvcs Vcc setup time 








types Vpp setup time 


PGM pulse width 








topw PGM over program pulse width 





tces CE setup time 





eee es sk le 

















T 

















WOPWOLMIMD OLN LOM] MPM: 








e|s 
ch eh 
~ 








tor Data valid from OE 
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AC waveforms 
PROGRAM VERIFY 


" a as 
Viv 


DATA { DATA SET 


Vic/Vot 
cc 
Vec#1 | = 
Vec 
ee Vin 
CE 
: ita 
Vin . i 
rN a 
ION fee oe ee 
Vie 


Vic 


Test conditions for A.C. characteristics 


| ; : | Input voltage : V;,=0.45V, Viw=2.4V 
Programming algorithm flow chart Input rise and fall times (10%~90%) : <20ns 


Reference voltage at timing measurement : Input, Output 


START “L"=0.8V, “H"=2V 


ADDR=FIRST LOCATION 


Vec=6.0V 
Vpp=12.5V 


X=0 


PROGRAM ONE PULSE OF 0.2ms 


~X=X+1 


<> YES 


i 
" 


it 


FAIL DEVICE 
FAILED 


PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 


N 
INCREMENT ADDR LAST ADDR ? 
YES 


Voc=Vpp= *5.0V 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED *4.5V <Voc=Vpp<5.5V 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading oe 

To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ap~Aj;,4) to be read and the 
data will be output to the I/O pins Dp ~Dy,. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ayj~Aj4, and the data to be written is input to pins Do 
~Dy. Set the CE pin to a “L” level to being writing. 


Writing operation 

To program the M37703E2AXXXSP with fast programming 
algorithm, first set Vcc =6V, Vpp=12.5, and set the address 
to 4000,,. Apply a ims write pulse, check that the data can 
be read, and if it cannot be read OK, repeat the procedure, 
applying a 1ms write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 
OK, and then write the data again, applying a further three 
times this number of pulses (3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V (or Voc= Vpp=5.5V). 


Table 3. I/O signal in each mode 


Output 


An X indicates either Vj or Vix. 

















Read-out 
Output 
Disable 
Programming 


ee 





Programming 





Vin | 





Verify 
Program Disable 
Note 1 


Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vec=6V40. 25V, Vpp=12. 50. 3V, unless otherwise noted) 


Parameter 





Address setup time 





OE setup time 


toes 
Data setup time 


AH Address hold time 
H 








Data hold time 


t 
Output enable to output float delay 
Vcc setup time 
Vpp setup time 
CE initial program pulse width 
CE over program pulse width 
| toe _| Data valid from OE 








Test conditions 








78.75 ms 
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AC waveforms 


PROGRAM VERIFY 


Od 


tan 


2 ee 
DATA i BAReeEr , qf DATA ieee 
a [TE 


Vin 
ADDRESS 
Vin 


Vpp i al 


V 
aa tvps 
Voc 
Voc! el 


Voc tvcs 
Vec | 
Vin 
CE 
Vir : ae 
eee ha S| 


Programming algorithm flow chart 








ADDR=FIRST LOCATION 





Vec=6. OV 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF Ims 
X=X+1 
<a> YES 
PROGRAM/VERIFY FAIL {DEVICE 
FAILED 











ONE BYTE 


PROGRAM PULSE 
OF 3Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR ? 


YES 
ALL BYTE FAILED 
PASS 
DEVICE PASSED *4.5V< Voc=Vpp<5.5V 


PASS . 
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SAFETY INSTRUCTIONS 


(1) 


(2) 


A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

The programmable M37703E2ASP and M37703E2BSP 
that are shipped in blank are also provided. For the 
M37703E2ASP and M37703E2BSP, Mitsubishi Electric 
corp. does not perform PROM write test and screening 
following the assembly processes. To improve reliabil- 
ity after write, performing write and test according to 
the flow below before use is recommended. 


Writing with PROM writer 


Screening 











(Caution) 







(Leave at 150°C for 40 hours) 


Verify test with PROM writer 





Caution : Never expose to 150 C° exceeding 100 hours. 


ADDRESSING MODES 

The M37703E2AXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703E2AXXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM . 

(1) M37703E2AXXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form for one time PROM 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 







































~~ 





aan ee, 
PAVcc | Analog supplyvotage—SSCSC~“*~*~“‘*S*sdCSC“‘CN™CNCSCSC“C“(“#“NNCNNN’SNC#CON“C*S 
Input voltage POg~P07, Plo~P17, P29~P27, P39~P32, 
P49~P4, P47, PSg~P57, P62~P6s, 
P4o~P4p, P47, PSg~P57, P62~P6s, | —0. 3~Vec+0. 3 
P7p~P7>2, P77, P89 ~P83, P86, P87, Xout, E 
RECOMMENDED OPERATING CONDITIONS (vcc=5v+ 5%, Ta=—20~85°, unless otherwise noted 
Parameter Unit 
| 
. 
Analog supply voltage | 
High-level input voltage POg~P07, P39~P32, P49 ~P42, P47, P5p~P57, 
P62~P6s5, P79 ~P72, P77, P89 ~P83, P86, P87, 
Xin, RESET, CNVss, BYTE 


P79~P72, P77, P897~P83, P86, P87, Vrer, Xin 
Analog supply voitage 
| Vv High-level input voltage P19p~P17, P29~P27 
a (in single-chip mode) 
| 


Q 
bo 
oO 









Voc 


Output voltage PQ9~P07, P19p~P17, P29~P27, P39 ~P3o, 
Note 1. Input voltage for es and BYTE pins is 13V in writing to PROM. 
High-level input voltage P19~P17, P29~P27 (in memory 


V 
expansion mode and microprocessor mode) oF 





Low-level input voltage POg~P07, P897~P32, P4g~ P42, P47, P59~P5z, 
P62~P6s, P7>~P72, P77, P89 ~P83, P86, P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input voltage P19~P17, P29~P2, 

(in single-chip mode) 


0. 2Vcc 





< 


<i 
0 1;O 
Hi j 
@) 
QO 


Low-level input voltage P19~P17, P29~P27 (in memory 
expansion mode and microprocessor mode) 
High-level peak output current POg~P07, Plo~P17, P29 ~P27, P39~P32, 
lon(peak) P4p~P42, P47, PSp~~P57, P62~P6s, 
P7p~P72, P77, P89~P83, P8&., P87 
High-level average output current POg~P07, Plo~P17, P29 ~P27, P89~P32, 
lon(avg) P49~P4o, P47, P5g~P57, P6o~P6s, 
P7o~P7., P77, P89 ~P83, P8., P87 
Low-level peak output current POg~P07, P1lp~P17, P29~P27, P39~P32, 
P4o~P4o, P47, Pip ~P57, P62~P6s, 
P7y~P72, P77, P89>~P83, P8,, P87 
Low-level average output current POp~PO07, Plo~P17, P29~P27, P389~P32, 
P4o~P4o, P4,, P5o~ P57, P62~ P6s, 
P79~P7., P77, P89 ~P83, P86, P87 


M37703E2AXXXSP 
(Xin) External clock frequency input 
M37703E2BXXXSP 


Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 

















| ae 
wo [o) 
> > = 








lou(peak) 


s | 9 S 
on ror] 00 ~~ 
< < < 

ed O re) 0 on 
ro) 0 re) 


> 


lov(avg) 





= 3 
i rt 


N 
on 
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M37703E2AXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25°, f(Xin) =16MHz, unless otherwise noted) 


Von 


Parameter 


High-level output voltage PO 9~PO07, Plg~P17, P29~P2;, 
P39, P31, P4g~P4o, P4z, 
P5o~ P57, P62~P6s, P79~P7o, 
P77, P8p~ P83, P8z, P87 














High-level output voltage POg~P07, P1p~P17, P29~P2z7, 
P30, P3; 


High-level output voltage P32 





High-level output voltage E 





Vou 


Low-level output voltage PO 9~P07, Plo~P17, P29~ P27, 
P3o, P31, P49~P4o2, P47, 
P5o~P57, P62~P6s5, P7p>~ P72, 
P77, P89~P83, P8.6, P87 

Low-level output voltage POp~P07, Plo~P17, P29~P27, 
P39, P3, 








Voi 
Vor 


Hysteresis RESET 





Low-level output voltage P3o 





Low-level output voltage E 





Hysteresis HOLD, RDY, TAOijjw~ TA3in, TBOin, 
INTo~INT2, ADrag, CTSo, CLKo 


Hysteresis Xin 





High-level input current POg~PO07, Plo~P17, P29~P2z, 
P39~ P3o, P49~P4o, P4,, 
P59~P57, P62~P6s5, P79~P7o, 
P77, P89~P83, P8., P87, 
Xin, RESET, CNVsg, BYTE 
Low-level input current POg~P07, Plp~P17, P29~P2,7, 
P389~P32, P4o~ P42, P47, 
P59~P57, P62~ P65, P7p~P7o2, 
P77, P89 ~P83, P86, P87, 
Xin, RESET, CNVss, BYTE 





Test conditions 





lon= —10mA 





lon= — 400 KA 


lon=—10mA 
lon= — 400nA 
lon=— 10mA 
lon= —400uA 


+ 


: 


rag tl a 
co}—| nN w 





loL-=10mA 





lop =2mA 





loL=1 OmA 
loL=2mA 
lop=10mA 








Dad 
> 
: 


i) 
< < < 

















an 
lop =2mA 





RAM hold voltage 








Power supply current 


Parameter 


When clock is stopped. 


In single-chip mode 


open and other pins 





Test conditio 








Resolution 


Vrer= Voc 





o) 

ag re ae 
; aS 
oOo, o 





ea aed = 
on wl, — | 


= 
> 





f(Xin) =16MHz, 
Square waveform 


output only pin is Ta=25C when clock 


is stopped. 


are Vss during reset. | T,=85'C when clock 


is stopped. 


ns 





RLADDER 


Absolute accuracy 





Ladder resistance 


Vrer= Voc 


24 











Limits 
Unit 
Min. Typ. Max. ut 


Ts | its 





| Vrer= Voc 








tconv 


Conversion time 





Vrer 


Reference voitage 


Analog input voltage 





0) 
Ss 











S 
k 
LU 

V 

V 





VReF 
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M37703E2BXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, (Xin) =25MHz, unless otherwise noted) 


High-level output voltage POg~P07, P19p~P17, P2o~P27, 
P30, P3;, P49~P4o, P4,, 

P59~ P57, P62~ P6s, P79~P7o, 
P77, P89~ P83, P8e, P87 


High-level output voltage PO 9~P07, P1g~P17, P29~P27, 
lon=—400uA é 
P39, P3, 


lon=—1 OmA 
lon=—400uA 


: = lox=—1 OmA 
High-level output voltage E 
lon=— 400 uA 


Low-level output voltage PQ 9~P07, P19p~P17, P2o~P2;, 
P39, P31, P49~P4o, P47, 

P59~P57, P62~P6s, P79~P72, 
P77, P89~P83, P8., P87 
Low-level output voltage POg~P07, Ptg~P17, P29~P27, 
P3o, P31 


Limits 
T 


Unit 


w]e | w 
tb —_, 


< 
ne) 






lox=—1 OmA 


> 
NI Ww 


U 
e) 
Ba 


High-level output voltage P3, 





Von 
Von 
Von 













VoL loL= 10mA 












4 


Vot 


oO 
ine) 








Vot Low-level output voltage P32 





lop =2mA 
lop=1 OmA 
lop =2mA 





Low-level output voltage E 


< 
ie) 
- 


Hysteresis HOLD, RDY, TAQw~TA3in, TBO, 
“INTo~INTs, ADtrg, CTSp, CLKo 


V74+—Vy— | Hysteresis RESET 
Vere 


High-level input current POg~P07, P19o~P17, P29~P2z, 
P39~P3z, P49~P4p, P4,, 


Vr4+—Vr- 


0.5 V 


oO © 
— ie . 
= b 
— O | WwW ol NO 


2 
o Ww 


z 








Vi=5V 
P59~P57, P62~P65, P7>~P72, 
P77, P8 ~P8:, P86, P87, 
Xin, RESET, CNVss, BYTE 
Low-level input current POg~P07, Pl9p~P17, P29~P27, 
P3p~ P32, P4p~P 40, P47, 
0 2, P49 2, P47 V.=0V ==5 LA 


P59~P57, P62~P6s5, P7p>~P7o, 
77, P&g~ P83, PS, P87, 

Xin, RESET, CNVgs, BYTE 
Vram RAM hold voltage When clock is stopped. 2 
f(Xin) =25MHz, 
square waveform 
Ta=25C when clock 
is stopped. 








f | 
















In single-chip mode 
output only pin is 
open and other pins 















loc Power supply current 


are Vss during reset. 


LA 
Ts 


Symbol | : Parameter Test conditions 


| | Resolution . Vrer=Vecc 











Absolute accuracy Vrer=Vec 


Ladder resistance Vrer=Vec 


tconv Conversion time 


VREF Reference voltage 
Analog input voltage 




















2 | | MITSUBISHI 
oe | are ES 


MITSUBISHI MICROCOMPUTERS 


M37703E2AXXXSP 
M37703E2BXXXSP 


PROM VERSION of M37703M2AXXXSP,M37703M2BXXXSP 





TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25C, unless otherwise noted) 
External clock input 


a 


External clock input cycle time 
tr 


























External clock input high-level pulse width 








External clock input low-level pulse width 












External clock rise time 


External clock fall time 


N 
» 
3 


Single-chip mode 


Limits 
Symbol Parameter 16MHz 25MHz 


Port PO input setup time 
Port P1 input setup time 
Port P2 input setup time 
Port P3 input setup time 
Port P4 input setup time 
Port P5 input setup time 
Port P6 input setup time 
Port P7 input setup time 
Port P8 input setup time 
Port PO input hold time 

Port P1 input hold time 


th(e—p2pd) Port P2 input hold time 





Unit 


» 
=< 


ar 
oO 





fo) 
-) 


ee ee ee ee ee 
O1o1o;O;0;0O;/0O 
O;1O;O}O;}O;}O);]O 





oD) 
oo) 











th(e—psp) Port P3 input hold time 


Port P4 input hold time 
Port PS input hold time 
Port P6 input hold time 
Port P7 input hold time 
Port P8 input hold time 








——t 
io) 
oO;1oO o 


























Memory expansion mode and microprocessor mode 


Symbol 


Port P2 input setup time 
HOLD input setup time 
Port P1 input hold time 
HOLD input hold time 





Limits 


Parameter 16MHz 25MHz Unit 








Port P1 input setup time 





oO 


oO Wiw 
O11} 01; OO] © 













| 
oy; or 
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Timer A input (Count input in event counter mode) 


Symbol ~ e Parameter 
— 













TAiwn input high-level pulse width 
TAiy input low-level pulse width 









Timer A input (Gating input in timer mode) 


TA input high-level pulse width | 250 
TAin input low-level pulse width 250 














Timer A input (External trigger input in one-shot pulse mode) 


Limits 
Symbol Parameter 


TAiin input cycle time 














Timer A input (External trigger input in pulse width modulation mode) 


; Limits 
Symbol Parameter 


TAi input high-level pulse width 12 
TAim input low-level pulse width 











Timer A input (Up-down input in event counter mode) 


Symbol Parameter 


TAiour input cycle time 


TAiour input high-level pulse width 
TAiout input hold time 500 
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Timer B input (Count input in event counter mode) 


Symbol Parameter 








to(TB) TBOww input cycle time (one edge count) 





tw(1BH) TBOww input high-level pulse width (one edge count) 





tw(TBL) TBO input low-level pulse width (one edge count) 








tc(TB) TBOww input cycle time (both edges count) 








Timer B input (Pulse period measurement mode) 


Limits 
Symbol Parameter 25MHz 
tc(1TB) TBOw input cycle time 
tw(tBH) TBOw input high-level pulse width 


TBOw input low-level pulse width 


























Timer B input (Pulse width measurement mode) 


Symbol Parameter 
tc(te) TBOww input cycle time 
tw(TBH) TBOw input high-level pulse width 
TBO, input low-level pulse width 
A-D trigger input 


Symbol Parameter 16MHz 25MHz 


ADtrcg input cycle time (minimum allowable trigger) 
ADrtrg input low-level pulse width 


Serial I/O 



































P taco) | TDoouputdelytine SS SSCS™C~C~sSSSCSCSSCS CC 
Pthicmay[TDonoldtime —C“~—~‘“‘“‘; TTS 
RxDo input hold time 


External interrupt INTj input 








Parameter 


twiInH) INT; input high-level pulse width 





tWaNL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25°C, unless otherwise noted) — 
Single-chip mode | | 


Symbol Parameter Test conditions 


td(e—poaq) Port PO data output delay time 
td(e—p1aQ) Port P1 data output delay time 
Port P2 data output delay time 


Port P3 data output delay time 
Port P4 data output delay time 
Port P5 data output delay time 
Port P6 data output delay time 
Port P7 data output delay time 
Port P8 data output delay time 





Memory expansion mode and microprocessor mode (when wait bit = “1”) 


Limits 


Symbol Parameter 


BAS 
on 


16MHz 


Test conditions 


25MHz Unit 





Port PO address output delay time 


NO 


td(poa—e) 
td(e—P1a) Port P1 data output delay time (BYTE=“L”) 
texz(eE—piz) | Port P1 floating start delay time (BYTE=“L”) 


> 
io) 


td(p1a—e) Port P1 address output delay time 
td(pi1a—ace) | Port P1 address output delay time 


Port P2 data output delay time 


bh 
ol 


| tdce—p2a) 


tpxz(eE—pe2z) | Port P2 floating start delay time 


td(p2a—e) Port P2 address output delay time 
td(p2a—ace) | Port P2 address output delay time 

ALE output delay time 

ALE pulse width 

BHE output delay time 

tdcryw—e) | R/W output delay time Fig. 3 
td(e—¢.) ¢, output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE=“L") 

Port P1 data hold time (BYTE=“L”) 

tpzx(E—p1z) | Port P1 floating release delay time (BYTE=“L”) 

thce—p1a) Port P1 address hold time (BYTE=“H”) 

Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 

BHE hold time 

R/W hold time 


E pulse width 95 


td(aLe—E) 


tW(ALE) 


W 


Ww NO | W NO | @W Ww 
oon &) oO &, oO co) 
NJ 


pe) 
(7) 


td(BHE—E) 


NO 
NO 


ine) Oe end at —_—s 
O;oO O1] NM O01] PR 


20 


© 
> 
” 


thi e—poa) 
th(aLe—P1a) 


thce—p1a) 


oO 


MTN NO W 
— ~_ 
[ee] [oe] 


_ 
1o) 





th aLe—p2a) 


No N 

>» ee 
¥ 7 

joe) 


th(e—p2a) 


tpzx(e&—P2z) 


th( e—BHE) 


ed | ek 
co}o 


mals 
foe) 


-_ 
[ee] 
—_ 
© 


th(e—r/w) 





N 
ol 


50 


tw(eEL) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Symbol Parameter 


td(poa—e) Port PO address output delay time 
td(e—pia) Port P1 data output delay time (BYTE=“L”) 


texz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 
td(p1a—e) Port P1 address output delay time 


Port P1 address output delay time 











Limits 





Test conditions 16MHz Unit 















Ww 
oO 





Ss 
Oo 


ine) ~S 
oO o1| Oo o 














Port P2 data output delay time 


tpxz(e—p2z) | Port P2 floating start delay time 


> 
on 


BSS 











td(p2a—e) Port P2 address output delay time 
td(p2a—ace) | Port P2 address output delay time 
td(aLE—E) ALE output delay time 
ALE pulse width | 
td( sHE—E) BHE output delay time 


Port PO address hold time 
Port P1 address hold time (BYTE="L”) 


thce—p1aq) Port P1 data hold time (BYTE=“L”) 
tezx(e—piz) | Port P1 floating release delay time (BYTE=“L”) 


Port P1 address hold time (BYTE="H") 
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Fig. 3 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr te te 


Single-chip mode ie pea twin) twiv) 
ae eau 


E 
neg td(e—Poa) 
Port PO output |X 
tsu(pop—e) — 
Port PO input a th(e—pop) 
nay td(e—P1Q) 
Port P1 output  X 
tsu(Pip—e) 
— _ 
Port P1 input Pm th(e—p1D) 
ng td(e—p2a) 
Port P2 output BR: 
tsu(p20—e) 
Port P2 input L, th(e—p2p) 
ng td(e—P3q) 
Port P3 output | X 
tsu(p3p—E) pane 
Port P3 input Sy thie—p3p) 
ety td(e—p4q) 
Port P4 output |X 
tsucp4ap—e) 
———| 
Port P4 input La th(e—p4pD) 
bag td(e—psa) 
Port P5 output cS \ 
tsu(psp—e) _— 
Port P5 input x thie—Psp) 
ait td(e—pea) 
Port P6 output | x 
tsu(pep—e) palaid 
Port P6 input thie—p6p) 
a td(e—p7a) 
Port P7 output D. 
tsu(p7D—e) pave 
Port P7 input ed th 
' (E—P7D) 
Be td(e—Psa) 
Port P8 output B 
tsu(psp—e) pal 
Port P8 input Pe thie—psp) 
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tw(TAH) 


TAlin input 


TAiout input 


TAiour input 
(Up-down input) N 


In Event counter mode 


TAiyy input 


(When count by falling) 
Ee eae 
(When count by rising) 


TBOw input 





te(ck) 


CLKo 


RxDo 


tWdNL) 





INT; input 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


oy 


RDY input 


(When wait bit = “0”) 


oy 


RDY input 


(When wait bit = “1” or “0” in common) 


tsucRoy—¢,)]} thi ¢ ;—RpDy) 





?1 
tsu(HoLD—¢ ) th(¢4—HoOLD) 
HOLD input 
Test conditions 
. Vec= 5 V+10% 
* Input timing voltage : V;.=1. OV, Viy=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = “1”) 


tf tr tc 
twiv) twin) 


gy 


td(e—4,) 


i tdie—4,) 


m| 









td(poa—e) 


ing 





(Ao~A7) 

thc aLe—Poa) "es texz(eE—p1z) 
el 
(BYTE=“L”) d(p1a— ALE) = 

td(p1a—E) 

(Ag~Ais) ; 
(BYTE="H”) —tT thie—P1p) 
Port P1 input 


thiace— my! tezx(e—p2z) 


rt i ee ad ee ec 


(Aie~Ao3/Do~Dz) t tsu(p2D—-E) 
d(p2A—ALE) tite 
th(e—p2a) ——| E—P2p) 

Port P2 input 

tw< 

2 = td(ate—e) 
Port P32 output 
(ALE) 


td(BHE—E) 


(BHE) 


tdi p/w—E) th 
E-R/W 


Port P3, output 
(R/W) 
Test conditions 
* Voc= 5 V+10% 
* Output timing voltage : Vo, =0. 8V, Voy=2. OV 
- Port P1, P2 input > Vit=0. 8V, Viy=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 
f( Xin) ‘ 
, 
td(e—4,) eae 
E 


Port PO output 
(Ao~A7) 


Port P1 output 
(Ag~Ai5/Dg~Dj5) 
(BYTE=“L”) 


Port P1 output 
(As~Aj5) 
(BYTE=“H”) 


Port P1 input 


Port P2 output 
(Aie~Az3/Do~D7) 


Port P2 input 


- 


a ce E) 


th(aLe—P1a) bi 


moe {om _| Wook 
td (P1A—ALE) | 
th(e—Pt1a) : a td(p1a—e) 


ne 


25 












tsu(p20—E) 


pee bi th(e—p2p) 


td(p2a—e) 






tac 


th(aLe—p2a) i Ay 


P2A cd 


twiace) ; 


rah 


td(ALe—E) 
Port P3. output 
(ALE) 
td(BHE—E) 
xl th(—E—BHE) 
Port P3, output 
(SHE) hee Gas 
tdip/w-e) 
th(e—R/w) 


Port P3, output 





(R/W) 
Test conditions 
: Voc= 5 V+10% 
* Output timing voltage : Vo_=0. 8V, Voy=2. 0V 
* Ports P1, P2 input Vic=0. 8V, Viy=2. 5V 
— ate MTSUBSH 
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Address 


Address 


M37703E4-XXXSP is unified into 
M37703E4AXXXSP. 


DESCRIPTION 

The M37703E4AXXXSP and M37703E4BXXXSP are single- 
chip microcomputers designed with high-performance 
CMOS silicon gate technology. These are housed in a 64- 
pin shrink plastic molded DIP. The features of these chips 
are similar to those of the M37703M4AXXXSP_ and 
M37703M4BXXXSP except that these chips have a 32K- 
byte PROM built in. 

These single-chip microcomputers have a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. These microcomputers 
are suitable for office, business and industrial equipment 
controller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, these chips are suitable for small quantity 
production runs. 

The differences between M37703E4AXXXSP and 
M37703E4BXXXSP are the external clock input frequency 
as shown below. Therefore, the following descriptions will 
be for the M37703E4AXXXSP unless otherwise noted. 






External clock input frequency 
M37703E4AXXXSP 16MHz 
M37703E4BXXXSP 25MHz 






The M37703E4AXXXSP has the same functions as the 
M37703E2AXXXSP except for the memory size. 


FEATURES 
e@ Number of basic instructions Ste here 7o aia, a blo Wise eer 6 win erece Bele wate ate sere 103 
@ Memory size PROM (one time) ---------7--- 32K bytes 
RAM come e moar eceenerenerresceevevere 2048 bytes 
@® Instruction execution time 
M37 703E4AXXXSP 


(The fastest instruction at 16 MHz frequency):::-:: 250ns 
M37703E4BXXXSP 
(The fastest instruction at 25 MHz frequency):::-*: 160ns 


@ Single power supply whence cece reese rere nese eneeeseeereees 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

idinlndadk Uersiataue-ateie Sew ih ats Seale tesncerera rads Madd aang tn eros baila 'Oe woe eee 60mW (Typ.) 
® Interrupts re er er ee a 19 types 7 levels 
@ Multiple function 16-bit timer: 5+3 
@ UART (may also be synchronous) srr 2 
@ 8-bit A-D converter «rrr rrr 4-channel inputs 
@® 12-bit watchdog timer 
@ Programmable input/output 


(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) :cee 53 
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PIN CONFIGURATION (TOP VIEW) 


AVcc Voc 
Vrer > +> P8o/CTSo/RTSo 
AVsg ++ P8,/CLKy 
P77/AN7/ADrrq 61] ++ P85/RxDp 
P72/AN, + [5 60] ++ P83/TxDo 
P7,/AN, +> P8./RxD, 
P7o/ANo ++ P8,/TxD, 
P6;/TBOin ++ +> P0o/Ao 
P6,/INT2 + 
P63/INT, 
P6,/INT + 
P5,/TA3in 
P5¢/TASour 
P5</TA2in 
P5,/TA2our 
P53/TA1n 
P5./TAlout 
P5,/TAOw 
P5o/TAQour 


+> P02/A2 
+> P03/A3 
+> P04/A, 
++ P0s/As 
+> P06/Ag 
+> P07/A; 
49] +> P19/As/Dg 
48] > P1,/Ag/Do 
 P15/Ajo/D49 
46] +> P13/A,,/D4; 
P4,/DBC* +> P14/Ay2/D42 
P4,/¢,+ 44] +> P15/Ay3/D43 
P4,/RDY «+ > P16/Ay4/Di4 
P4)/HOLD + +> P17/A45/D45 
BYTE — ++ P2o/Ai6/Do 
CNVsg 40} +> P2,/A,7/D,; 
RESET > +> P25/Ai9/D2 
++ P23/A19/D3 
+> P24/Ao0/Dy 
++ P25/Ao,/Ds 
+> P2,¢/AnolDe 
P3./ALE + +> P2,/Ao3/D7 
P3,/BHE ++ ++ P39/R/W 


Outline 64P4B 


* : Used in the evaluation chip mode only 


dSXXXavacoZZewn 
dSXXXVvAcOZZEW 


APPLICATION 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 


M37703E4AXXXSP satisfies the timing requirements and 


the switching characteristics of the former M37703E4- 
XXXSP. 
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M37703E4AXXXSP BLOCK DIAGRAM ee 


Clock input Clock output Enable output Reset input (5V) (OV) (OV) (OV) (5V) voltage input selection input 
Xin Xourt E RESET Voc Vss CNVss AVss . AVcc : Veer BYTE 
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Timer TA4(16) 


| Timer TA3(16) [Watchdog Timer] 
Timer TA2(16) Timer TB2(16) 


Timer TA1(16) Timer TB1(16) UART 1(9) 


re i 8 ire 


. Ly ie 7: 






RAM 
2048 Bytes 






PROM 
32K Bytes 










sng ssoippy 









(uUaAq)sng eyeq 
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Input/Output Input/Output Input/Output Input/Output Input/Output Input/Output — Input/Output Input/Output Input/Output 
port P8 port P7 port P6 port P5 port P4 port P3 port P2 port P1 port PO 
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FUNCTIONS OF M37703E4AXXXSP 


Parameter Functions 
Number of basic instructions 103 


ae M37 703E4AXXXSP 250ns (the fastest instruction at external clock 16MHz frequency) 
Instruction execution time - ; 
M37703E4BXXXSP 160ns (the fastest instruction at external clock 25MHz frequency) 
32K bytes 
P3 





Memory size 


PO, P1, P2, P5 8 -bitX 4 
Input/Output ports 
P4, P6, P7 4 -bitX 3 
; TAO, TA1, TA2, TA3, TA4 16-bitX 5 (4 Input/Output functions) 
Multi-function timers 
TBO, TB1, TB2 16-bitX 3 (1 Input function) 
Serial |/O UARTX 2 (One can be set clock synchronous serial |/O.) 


A-D converter 8 -bitX 1 (4 channels) 
Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
' 1 Interrupts : ee 
(Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% 


Power dissipation 60mW(at external clock 16MHz frequency) 


Input/Output characteristic 
Operating temperature range —20~85°C 
64-pin shrink plastic molded DIP 
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PIN DESCRIPTION (NORMAL MODE) 


— [| 
CNVsgzg input . This pin controls the processor mode. Connect to Was for single-chip mode. 


Coa a 8 

a ce 

Bus width selection input In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 


Analog supply input 









Supply 5 V10% to Vec and 0 V to Vss. 






To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 



















These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xiy and Xoutr. When an external clock is used, the clock source should be connected to the Xiy pin 
and the Xour pin should be left open. 












Power supply for the A-D converter. Connect AVcc to Voc and AVgg to Vss externally. 
AVss 


Reference voltage input This is reference voltage input pin for the A-D converter. 


_ 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao) is output in memory expansion mode or microprocessor mode. 
































Pio~P17 1/O port P1 1/0 In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Djs~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 
If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 
2o~ P27 1/O port P2 1/0 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dp) is input or output when E output is “L” and an address(Ao3~ Aig) is 
output when E output is “H”. 






In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are outout. 


io” P30. 


P4y~P4p, 
P4, 


— P87 


1/O port P3 


















1/O port P4 In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4, can be program- 
med for ¢, output pin divided the clock to Xj pin by 2. In microprocessor mode, P4> always has the func- 


tion as ¢, output pin. 














1/O port P5 In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 


pins for timer AO, timer A1, timer A2, and timer A3. 







In addition to having the same functions as port PO in single-chip mode, these pins also function as external 
interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO. 








In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANo~ANz2 and AN7 input pins. P77 also has an A-D conversion trigger input function. 











In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


Name Input/Output Functions 








Power supply Supply 5 V+10% to Vcc and 0 V to Vsg. 








CNVss Vpp input Input Connect to Vpp when programming or verifing. 





BYTE Vpp input Input Connect to Vpp when programming or verifing. 














RESET Reset input Input Connect to Vsgs. 
an aeons $i 











Xin Clock input Input Connect a ceramic resonator between Xiy and Xour. 








Xout Clock output Output 











E Enable output Output Keep open. 


AVcc, AVss_ | A-D power supply Connect AVcc to Vcc and AVsgg to Vgs. 
Reference voltage input Input Connect to Vss. 
PO Address input (Ap~A7) Port PO functions as the lower 8 bits address input (Ap~ Az). 

















Address input (Ag~ Ais) Port P1 functions as the higher 8 bits address input (Ag~A\45). In 256K mode, connect P17 to Vcc. 


P2)~P2,7 Data I/O (Do~D7) Port P2 functions as the 8 bits data bus (Dp~Dz). 


1/0 
P4, 


Control signal input P5 )*, P5, and P5» function as PGM*, OE and CE input pin respectively. 
Connect P53, P54 and PSs to Vcc. Connect P5¢ to Vsg in 256K mode and to Vcc in 1M mode. Connect P57 to 
Vss. 








Input port P6 Connect to Vgg. 


se 








Input port P7 Connect to Vgs. 





P8~ P83, Input port P8 Connect to Vs. 
P86, P87 








* ‘It is available in 1M mode. 
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BASIC FUNCTION BLOCKS | 

The M37703E4AXXXSP has the same functions as the 
M37703E2AXXXSP except for the following : 

(1) The PROM size is 32K bytes. 

(2) The RAM size is 2048 bytes. 

Therefore, refer to the section on the M37703E2AXXXSP. .- 


~ MEMORY 


The memory map is shown in Figure 1. 


000000i¢ 0000001. 
00007F;.5 
000080;. 


eer Internal RAM Peripheral devices 
2048 bytes control registers 


OOF FFF ic 


0100001. 
00087F,, 


O1FFFFi¢ 


Interrupt vector table 


UART1 transmission 
UART1 receive 


UARTO receive 
Timer B2 
| sr TimerB1 B1 


Internal PROM Timer A4 


FE0000i¢ 30K bytes | ss TimerA3 A3 


Timer A2 
Timer A1 
ceerersc | | 


Bank FEi6 


INT, 
INTo 
Watchdog timer 


Bank FFi¢ \ Be 
OOFFD6i¢ \ BRK instruction 


\ Zero divide 
FFFFFF 6 OOFFFFi¢ RESET 


FFQ000,, 





Fig. 1 Memory map 
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EPROM MODE 

The M37703E4AXXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 shows the correspondence between pins and Fig. 2 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5, is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 


Table 1 Pin function in EPROM mode 


|__| M37703E4AXXXSP | M5M27C256K | M5M27C101K 

CNVss, BYTE 

Ves 
i 

CE 













Data 1/0 
a ae ee ree eee 
| PGM | P5* | GM 


* © In 256K mode, connect P17 and P59 to Vcc. 


Address input | Ports PO, P1 Ao™ Ais 






the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 0000;,.~ 7FFFi,¢ in 256K mode, and 
address 18000,,~1FFFF,, in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj pin and Xouyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 
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64) Voc 
Vrer +> P8,)/CTSo/RTSp 
















AVss | +> P8,/CLKo: 
P77/AN7/ADtrac [4 61] <> P8./RxDo 


P72/AN>2 + 60} +> P8.3/TxDo 
P7,/AN, + L6| +> P8,/RxD, 


P7o/ANo + +> P8,/TxD, 
P65/TBOw + L8, +* PQo/Ag————— Or 
P6,/INT> (9. ++ P0,/A, ————@bD 
P6,/INT, +> [10 +> P0,/A,———@) 
P6./INTy + [11] ++ P03/A; ——_©@ 
P57/TA3in +> P0,/Ag,g————“a 


Equivalent to the 
M5M27C256K 


°. 





o——— P56/TAS our + 113 = 52] <> PO,/A,;———“A) 
eo 7 P5</TA2iy + [14 0 ++ P0./Ag-———_G@ 
anal P§4/TA2our a +> PO,/Ay,——_©@ 
. P53/TAlin + [16 ed 49 ++ Pt o/Ag/D3g —————4a) 
Pinan GEY———P5,/TA out = 48] +> P1,/Ag/Dgp 
O CE-————P5,,/TAOy re: +> P15/Ay9/D4g ———— 
O P5o/TAQout rss 46] <> P13/A,,/D,;———]@p 
| P4, + U0 +> P14/A;2/D,2.-———a 
eck alas Ha] <> P1s/Ay3/D13 ————@) Equivalent to the 
Equivalent to the P4,/RDY + +* P16/A;4/D,4——a) M5M27C256K 
MOMerC 101K P4,/HOLD + > P17/Ays/Dis o—Gip) 
BYTE — 41] +> P2,/A,¢6/Dp ———©o) Equivalent to the 
ee 40] +» P2,/A,,/D, ————_© MOMete ION 
RESET > +> P2,/A1g/D2———©® 
‘ | OX ++ P23/A19/D3————_®) 
Oo Mout +> P2,4/Ao9/D,-———0 
Ee ++ P25/A>,/Ds—————) 
Vss ++ P26/Ax2/Dg ————‘C) 
P3./ALE + ++ P2;/Ao3/Dz — 7) 






w 


P3,/BHE +f eB) +> P3,/R/W 







* : Connect to ceramic oscillation circuit. 
C > : Same functions as M5M27C256K. 





Outline 64P4B 





Fig. 2 Pin connection in EPROM programming mode 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading 
To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ap~Aj5) to be read, and the 
data will be output to the I/O pins Dy>~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ajg~Aj;s5, and the data to be 
written is input to pins Dp~D,7. Set the PGM pin to “L” level 
to being writing. 





Writing operation 

To program the M37703E4AXXXSP, first set Voc=6V, Vep= 
12.5V, and set the address to 18000;,. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V(or Vec= Vpp=5.5V). 


Table 2 I/O signal in each mode 







Data I/O 


Output 
rev input | 


Programmin 
Vin 12.5V 


An X indicates either V,, or Vin. 


















Verify 








Program Disable Floating 





Note 1 : 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Tq=25+5C, Voc=6VX0. 25V, Vpp=12. 5-40. 3V, unless otherwise noted) 


Symbol Parameter 


Address setup time 





OE setup time 





Data setup time 
Address hold time 








to 


| tox | 





Test conditions 
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AC waveforms | 
PROGRAM VERIFY 


Vin | 


Vin 


Vin/Vou . road 
ee ff ee =) [DATA OUTPUT VAD, 
i y= | _e 
Vee paae aca 
Voc pas 
ei * 
, t 


Vec VCS 
Voc 
Vi 

CE 


Test conditions for A.C. characteristics 


, Input voltage : V;,=0.45V, V,4,=2.4V 
rt 
Programming algorithm flow cha Input rise and fall times (10%~90%) : <20ns 


Reference voltage at timing measurement : Input, Output 


START “L”=0.8V, “H"=2V 
ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp=12.5V 


PROGRAM ONE PULSE OF 0.2ms 
X=X+1 
<> YES 
FAIL | DEVICE 
| FAILED 
PASS 


PROGRAM PULSE OF 
0.2Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR ? 


YES 
Voc=Vpp= *5.0V 


VERIFY FAIL _| DEVICE 
ALL BYTE FAILED 


PASS 


DEVICE PASSED *4.5V <Voc=Vep<5.5V. 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading ee 

To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ag~Aj,,4) to be read and the 
data will be output to the I/O pins Dg~Dy,. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Aj,4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to being writing. 


Writing operation 

To program the M37703E4AXXXSP with fast programming 
algorithm, first set Vcc=6V, Vpp=12.5, and set the address 
to “0”. Apply a ims write pulse, check that the data can be 
read, and if it cannot be read OK, repeat the procedure, 
applying a 1ms write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 
OK, and then write the data again, applying a further three 
times this number of pulses (XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.5V). 


Table 3. I/O signal in each mode 


CE c 
Read-out 5V | 5V 
Output Vin | 5Vv | SY 
Disable Vin 5V | 5V Floating 
Programming| Vit 12.5V 6V | Input 
Vin 


Programmin 
2 9 Vin 12. 5V 6V Output 
Verify 


Program Disable} Vin 12. 5V Floating 


Note 1 : An -X< indicates either Vy. or Vy. 
























Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5TC, Vec=6V0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 






















Ce ee ee so 

Address setup time he | 

Ftos | Dataseuptime SS SC~—“—~—sSC“‘(SOOCC#“‘“‘(S#SYLNNSA:«SC*dTSSSi*d ns 
ie Address hold time ae en aie 
ton Data hold time eS ee ae ce 
tore Output enable to output float delay | of | 130] ons 
Ptvos | Veostuptme Ss SSC~<“—~sS~*SsTSC“‘CSNSC#CNSC‘“‘(NSNSCSC“(“‘S#SYNNNSR:C Ss 
a 
CE initial program pulse width 0.95 | 1 | 1.05] ms | 
[ tomw | CE ever program pusewith ——SSS~“~‘idSC“‘(CS(S;C#N(#N(NNWWWSCOS | S*| 78.75 | ms | 

[toc | DatavalidfromOE 580 Fins 


ae ES 
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AC waveforms 


_ ADDRESS 


DATA 


Vin 


Vin 


Vin/Von 


Vit/Vor 


Vpp 


Veco 


Vectl 


PROGRAM VERIFY 
ae 
DATA OUTPUT 
DATA SET b 4 VALID oD 


fe | 





os 


| 


< < 
9) vU 
n- ” 


Programming algorithm flow chart 








ADDR=FIRST LOCATION 





Vec=6. OV 
Vpp=1 2.5V 


x=0 


| PROGRAM ONE PULSE OF Ims 7 
<> YES 
PROGRAM/VERIFY FAIL {DEVICE 
FAILED 








ONE BYTE 


PASS 
PROGRAM PULSE 
OF 3Xms DURATION 


.~NO 
INCREMENT ADDR LAST ADDR ? 
YES 


Voc=Vpp= *5. OV 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 


DEVICE PASSED *4.5V<Voc=Vpp<5.5V 
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SAFETY INSTRUCTIONS 


(1) 


(2) 


A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

The programmable M37703E4ASP and M37703E4BSP 
that are shipped in blank are also provided. For the 
M37703E4ASP and M37703E4BSP, Mitsubishi Electric 
corp. does not perform PROM write test and screening 
following the assembly processes. To improve reliabil- 
ity after write, performing write and test according to 
the flow below before use is recommended. 


Writing with PROM writer 


Screening (Caution) 











(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


a —_—_ eee Ee Ricicaieniiaal Ta NN a See Ne ee = ~~ 
; Function check in target device | 
L —m GUD EE ae EE ee as Ee EES EER | SE = cemitnsO —_ 


Caution : Never expose to 150 C* exceeding 100 hours. 


ADDRESSING MODES 

The M37703E4AXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703E4AXXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM . 

(1) M37703E4AXXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form for one time PROM 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Analog supply voltage —0.3~7 
=0.3~12(Noter) 
V, Vv 
Vo V 





Unit 















Input voltage RESET, CNVss, BYTE 


Input voltage PQ9~P07, P19p~P17, P29~P27, P389~P32, 
P4p~P42, P47, P5p~P57, P62~P6s, —0. 3~Voec+0. 3 
P7o~P72, P77, P89 ~P83, P86, P87, Vrer, Xin 





Output voltage PQ9~P07, P19p~P17, P29~P27, P389~P32, 
P49~P42, P47, PSp~P57, P62~P6s, ~ 0.3 ~Vec+0. 3 
P79~P72, P77, P89 ~~P83, P8g, P87, Xout, E 


Note]. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. 








RECOMMENDED OPERATING CONDITIONS (vcc=5v+ 5%, Ta=—20~85°, unless otherwise noted) 
Limits 
Symbol 
Typ. 
Supply voltage 
Analog supply voltage i Meee! 


Voc 
Supply voltage a eae 
Analog supply voltage haa eo 


High-level input voltage PO9~P07, P39~P32, P4g~P42, P47, PS59~ P57, 
P62~ P6s, P7o~ P7o, P7;, P89~ P83, P86, P87, 
Xin, RESET, CNVss, BYTE 


Bae 
High-level input voltage P19~P17, P29~P27 
V 0. 8V 
(in single-chip mode) oe 
High-level input voltage P19~P17, P29~P27 (in memory | 
V 0.5V V V 
expansion mode and microprocessor mode) oS cig 





Parameter 










































< 
0 
0 
< 


< 
QO 
fo) 
< 








Low-level input voltage PO9~P07, P389~P32, P4p~P42, P47, P59~P57, 
Vit P62~P6s5, P79>~P72, P77, P89 ~~P83, P86, P87, 
Xin, RESET, CNVss, BYTE 
Low-level input voltage P1p~P17, P29~P27 

(in single-chip mode) 





















Low-level input voltage P19>~P17, P29~P27 (in memory 


expansion mede and microprocessor mode) 


High-level peak output current PQg~P07, Plo~Pt17, P29~P27, P39~P32, 















































lon(peak) P49~P4o, P47, P5p~P57, P62~P6s, 
P79~P7o, P77, P89~P83, P85, P87 
High-level average output current POg~P07, Plg~P17, P29~P27, P39~P32, 
lon(avg) P49~P4, P47, P59 ~P57, P62~P6s, 
Low-level peak output current POQg~P07, P1p~P17, P29 ~P27, P3p~P32, 
lou(peak) P49~P4., P47, P5g~P57, P62~P6s, 
; P79~P7., P77, P89 ~~P83, P8., P87 
Low-level average output current POo~P07, P19p~P17, P29~P27, P3p~P32, 
lotvavg ) P49~P4o, P47, P5p~P57, P62~P6s, 
P79~P7o, P77, P8~ P83, P8e, P87 
Note 2. Average output current is the average value of a 100ms interval. 
3. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, PS, P6 and P7 must be 80mA or less, and 


P7o9~P7o, P77, P85~ P83, P8e, P8 
: M37703E4AXXXSP 
(Xin) External clock frequency input 
M37703E4BXXXSP 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 
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M37703E4AXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25'°C, f(Xin) =16MHz, unless otherwise noted) 


Parameter Test conditions - 
Min. 


High-level output voltage PO g~ P07, P19~P17, P29~P2z, 
P39, P31, P49~P4o, P47, 

P59~ P57, P62~P6s, P79~P72, 

P77, P89~P83, P86, P87 

High-level output voltage POo~P07, Pl9~P17, P29~P27, 


P30, P34 





Symbol 










lox=— 10mA 






























lon= —400uA 














lon= —10mA 
lon= —400uA 
lon=—10mA 
lon=—400uA 









High-level output voltage P3, 















High-level output voltage E 





Low-level output voltage POg~P07, Plo~Pt17, P29~P27, 
P3o, P31, P49~ P4o, P4,, 
V lop =10mA 
oF P5o~P57, P62~P65, P7o~P72, | 
P77, P89~ P83, P8e, P87 


Low-level output voltage POQp~P07, Plo~P17, P29~P27, 











V lop =2mA 
a P30, P3, i 
loLp=10mA 
VoL Low-level output voltage P32 
lol =2mA 








lop=10mA 





Vor Low-level output voltage E 




















Hysteresis HOLD, RDY, TAQ\y~TA3in, TBO, 
INTo~INT2, ADtag, CTSo, CLKo 
Vr+4—Vr— | Hysteresis RESET 

Vr4—Vr— | Hysteresis Xin 

High-level input current POQg>~PO07, P1p~P17, P29~P27, 
P3p~ P32, P4g~ P42, P47, 
P5o~P57, P62~P6s, P79~P72, 
P77, P89~P83, P8¢, P87, 

Xin, RESET, CNVgg, BYTE 


Low-level input current POg~P07, P19~P17, P29~P27, 
lie P39~ P32, P4p~P4o, P47, vi=0Vv 
P59~P57, P62~P6s5, P7o>~P72, 
P77, P897~P83, P86, P87, 
Xin, RESET, CNVgs, BYTE 


f( Xin) =16MHz, 
square waveform 
Ta=25C when clock 
is stopped. 


5 uA 
Ta=85C when clock 
. 20 
is stopped. i 
A-D CONVERTER CHARACTERISTICS (Vcc=5v, Vss=0V, Ta=25°, (Xin) =16MHz, unless otherwise noted) 


Limits 
Symbol Parameter Test conditions Limits 
| Simo | retemanon 


a 0 a 


Vr4+—Vr— 

















Vi=5V 
























In single-chip mode 










output only pin is 
open and other pins 








Power supply current 





are Vgs during reset. 

































Conversion time 












Reference voltage 











Analog input voltage 
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M37703E4BXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f( Xin) =25MHz, unless otherwise noted) - 


. 7 Limits 
Symbol Parameter Test conditions 


High-level output voltage POo~PO07, Pip ~P17, P29~P27, 
P3o, P3,, P49~P4p, P4,, 
P5o9~P57, P62~P6s, P79~P7, 
P77, P89~P8s, P8e, P87 


High-level output voltage PO 9~P07, P1p~P17, P29~P27, 
Vor g p g 0 7, P19 7, Peo 7 low=—400 2A 
P39, P3, 
Vv High-level output voltage P3 aes lll 
igh-level output voltage 
OH g p g 2 | iu S400 0A 
: bow lon=—10mA 
Von High-level output voltage E 
lon=—400uA 


Low-level output voltage POp~P07, P19>~P17, P29~P2z, 
P30, P3;, P4p~P4e, P47, 

P5o~ P57, P62~P6s5, P79 ~P72, 
P77, P89~ P83, P85, P87 


Low-level output voltage PO 9~P07, P19~P17, P29~P27, 
p g 0 7 0 7 0 7 ic oma 0. 45 
P35, P3, 


Vor 
loL=10mA 
VoL Low-level output voltage P32 
lop =2mA 
~ loc =10mA 
VoL Low-level output voltage E 
loc =2mA 


Hysteresis. HOLD, RDY, TAQ\w~TA3n, TBOw, 

| INTo~INT2, ADtac, CTSo, CLKo 

V+4—Vy7— | Hysteresis RESET 

Vr4+—Vr— | Hysteresis Xin 

High-level input current POg~P07, Pip~P17, P29~P27, 

P39~ P32, P49~P 4p, P4,, 

P59~P57, P62~P6s5, P7p>~P72, 

P77, P89~P83, P86, P87, 

Xin, RESET, CNVgg, BYTE 
Low-level input current PQg~PO07, Pl9o~P17, P29~P27, 

I P39~P32, P4g~P4o, P4z, Venu 

P5o~P57, P62~P6s5, P7>~P72, 
P77, P897~P8s, P85, P87, 
Xin, RESET, CNVss, BYTE 


Unit 


-4 
< 
Zo} 







p. 





agate Aa 
—-| oN 


Ww 
BS 


> 
io0) 








mat 
oO 










VoL loL-=10mA 








jo) 
—ai{* — 
z > s 
Miw; wo 















So 
ine) 














Vi=5V 


ys 


iw 





2|° 
on Wi ol 


| 
o 
g 
> 





f( Xin) =25MHz, 
In single-chip mode | square waveform 


output only pin is Ta=25C when clock 
open and other pins | is stopped. 


are Vss during reset. | T,=85°C when clock 


Power supply current 











is stopped. 


Absolute accuracy 
Ladder resistance 
Conversion time 


Reference voltage 
Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25°, unless otherwise noted) 
External clock input 


Limits 
Symbol Parameter 


tc External clock input cycle time 


tw(H) External clock input high-level pulse width : 
twit) External clock input low-level pulse width 


tr External clock rise time 








tf External clock fall time 


Single-chip mode 





Limits 





















Symbol Parameter 


Unit 








tsu(pop—e) Port PO input setup time 





tsu(p1D—e) Port P1 input setup time 





tsu(p20—e) Port P2 input setup time 


tsu(psp—E) Port P5 input setup time 100 

tsu(p6eo—e) Port P6 input setup time 
tsu(p7D—e) Port P7 input setup time 100 
tsu(esp—e) Port P8 input setup time 


th(e—pi1b) Port P1 input hold time 
th(e—p2pd) Port P2 input hold time 











io) 





th(e—pap) 





Memory expansion mode and microprocessor mode 


Symbol Parameter 





tsu(pip—e) | Port P1 input setup time 


— 
0 


th(¢,—Rby) RDY input hold time 


HOLD input hold time 





thi ¢;—HOLD) 





¢ MITSUBISHI 3—291 


MITSUBISHI MICROCOMPUTERS 


M37703E4AXXXSP 
M37703E4BXXXSP 


‘PROM VERSION of M37703M4AXXXSP,M37703M4BXXXSP 





| 
Symbol Parameter 16MHz 


in| Man 
Moca) | Taint yeiotine —SSCSCSC“‘“~s*sSs*~“‘“—*SCSSCSCSCSC‘i 
aan 


Timer A input (Count input in event counter mode) 


TAiny input high-level pulse width | 62 | 
TAi input low-level pulse width era 





Timer A input (Gating input in timer mode) 


Limits 
Symbol Parameter 


to(ta) TAin input cycle time 


tw(TAH) TAiw input high-level pulse width 








tw TAL) TAiin input low-level pulse width 


Timer A input (External trigger input in one-shot pulse mode) 


TAin input cycle time 
TAiwy input high-level pulse width 
TAiy input low-level pulse width 125 





Timer A input (External trigger input in pulse width modulation mode) 


Symbol Parameter 


TAiwy input high-level pulse width 
TAiw input low-level pulse width 











Timer A input (Up-down input in event counter mode) 


Limits 
Symbol Parameter 
TAiourt input cycle time 
TAiour input high-level pulse width 








TAiour input low-level pulse width 
TAiourt input setup time 


TAiour input hold time 
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Timer B input (Count input in event counter mode) 


Limits 
Symbol Parameter 


TBO input cycle time (one edge count) 
TBO input high-level pulse width (one edge count) 








TBO, input cycle time (both edges count) 
TBO input high-level pulse width (both edges count) 
TBOy input low-level pulse width (both edges count) 





Timer B input (Pulse period measurement mode) 


- 


TBO input cycle time 


TBOwy input high-level pulse width 
TBO, input low-level pulse width 


Timer B input (Pulse width measurement mode) 





Limits 

































Symbol Parameter 


te(1B) TBO input cycle time 








tw(TBH) TBOw input high-level pulse width 








tw(TBL) TBOw input low-level pulse width 


A-D trigger input 


Symbol Parameter 


ADrrg input cycle time (minimum allowable trigger) 
ADrreg input low-level pulse width 


Serial I/O 


Symbol Parameter 


CLKo input cycle time 
CLKo input high-level pulse width 
CLKo input low-level pulse width 


td(c—a) TxDpo output delay time 
TxDo hold time 

tsu(p—c) RxDg input setup time 
RxDpo input hold time 


External interrupt INTj input 















































Symbol Parameter 














tW(INH) INT; input high-level pulse width 














tWUINL) INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Ves=OV, Ta=25C, unless otherwise noted) 
Single-chip mode 












Symbol Parameter Test conditions 









— td(e—proa) Port PO data output delay time 


Port P1 data output delay time 


—_ | — 
Q!|oO 
O;}oO 


td(e—p1aq) 





td(e—p2a) Port P2 data output delay time 





td(e—P3a) Port P3 data output delay time 





td(e—Pps4aq) Port P4 data output delay time 





td(e—psa) Port P5 data output delay time 


td(e—psa) Port P6 data output delay time 








td(e—p7aQ) Port P7 data output delay time 








td(eE—psa) Port P8 data output delay time 


Memory expansion mode and microprocessor mode (when wait bit = “1”) 

Limits 
Parameter Test conditions 16MHz 25MHz 
Min. 
td( poa—e) Port PO address output delay time 30 
tdie_piq) | Port P1 data output delay time (BYTE="L”) 
texz(e—p1z) | Port P1 floating start delay time (BYTE=“L”) 


Symbol 


Unit 


ns 
45 | ns | 
| ns 
ns 
ns 
ns _| 


—i 


2 


Ss 
Oo 


td(p1aA—E) Port P1 address output delay time 30 


td(p1a—ace) | Port P1 address output delay time 24 


NS 
Oo 


td(eE—Pp2a) Port P2 data output delay time 


texz(eE—p2z) | Port P2 floating start delay time 


td(p2a—e) Port P2 address output delay time 


NO 
> 


td(p2a—ace) | Port P2 address output delay time 


> 


ALE output delay time 
ALE pulse width 
BHE output delay time 


td(aLe—E) 


[e%) 
oO 


tW(ALE) 


Ww 
(2) 
> 
ayo on 


NO; Rh — 
O}Rh C1} RO 


td(BHE—E) 
td( rR/w—e) R/W output delay time Fig. 3 


W | Ww 
oO1oO 


NO 


td(e—¢1) ?, output delay time 

Port PO address hold time 

Port P1 address hold time (BYTE=“L”) 
Port P1 data hold time (BYTE=“L”) 
Port P1 floating release delay time (BYTE=“L”) 
Port P1 address hold time (BYTE=“H”) 
Port P2 address hold time 

Port P2 data hold time 

Port P2 floating release delay time 
BHE hold time 

R/W hold time 

E pulse width 


pe) 
() 
Gea 
o> 
= 
G: 


N 


th(eE—Poa) 





th(aLeE—P1a) 


NO 
oO 


thce—P1Q) 


iw) 


tezx(E—P1Z) 


nN 
on 


th(e—P1a) 


th(aLe—p2a) 


NO 
oi 


th(e—p2a) 





No 
on 


tezx(e—p2z) 


th(e—BHE) 





18 
50 


th(e—R/w) 


cO 
o1 


tw(eL) 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 











Limits 


Test conditions 16MHz Unit 





7 


oO 







ALE pulse width 
BHE output delay time 


td(e—¢,) ¢, output delay time 


th(e—poa) Port PO address hold time 
thc ace—Pp1a) Port P1 address hold time (BYTE=“L”") 
th(eE—P10) Port P1 data hold time (BYTE=“L”) 


Port P1 floating release delay time (BYTE=“L”) 





~ 









Kho 














On 





N 1 RN N Wy] Ww] w NO} Ww RO | ® W 
oi o oO;o;n PS?) | oO oO 


















Port P1 address hold time (BYTE="H”) 25 
Port P2 address hold time 9 




























O10 co; © CO; O;o O;}O} O01) RN O01) RO NO 
= b > 
(oe) oT; ol aia 














Fig. 3 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr % te 


Single-chip mode ea pala twiH) twiL) 
ae A A 





= 
nay td(e—Poa) 
Port PO output : | X 
tsu(pop—e) 
Port PO input iS thie—pop) 
nag td(e—Pia) 
Port P1 output D. 
tsu(p1D—E) 
=a 
Port P1 input Be thie—P1D) 
mag td(e—p2aq) 
Port P2 output Bi 
tsu(p2D-e) 
Port P2 input el thie—pap) 
aang td(e—P3q) 
Port P3 output | X 
tsu(psp—e) 
iV) _— 
Port P3 input Be th(e—psp) 
— ] td(e—paq) 
Port P4 output |X 
tsu(pap—e) 
_—_—— 
Port P4 input Ee] th(e—pap) 
ay td(e—psa) 
Port P5 output |X 
tsu(psp—E) 
— 
Port P5 input - thie—psp) 
mt td(e—Pea) 
Port P6 output |X 
tsu(pep—e) — 
Port P6 input be thie—Pep) 
ete td(e—P7a) 
Port P7 output x 
tsu(p7D—E) pam 
Port P7 input ele te 
i (E-P7D) 
Bey td(e—Psa) 
Port P8 output | 
tsu(pep—e) peated 
Port P8 input th(e—psp) 
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te(ta) 


TAin input 





TAiout input 


TAiout input 
(Up-down input) \ 


in Event counter mode 


TAiyy input 

(When count by falling) 
EE 

(When count by rising) 


te(TB) 
aS 
TBOw input 
ore 
tocad) 
te(ck) 


CLKo 


tsu(p—c) thic—p) 


ea | 


RxDo 


twanH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


$1 


RDY input 


(When wait bit = “0”) 


oy 


mi 
~ 


RDY input 


tsu(roy—¢,)| thi ;—Roy) 


(When wait bit = “1” or “0” in common) 


$y 


tsu(HOLD—¢ ) th(¢;—-HoLD) 
HOLD input 
Test conditions 


, Vocc= 5 V+10% 
* Input timing voltage : V,_=1. OV, Viy=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = “1”) 


tf tr tc 
twiL) twin) 
f(Xin) 
$y 
tdie—9) aud ~ td(e—¢,) 
E 


ewes |) 


Port PO output 
(Ao~Az) 


A 
belle 


| Sos 
fh 


it 


— 
~ 


Address 






V2 4D | 


th( aLE—Poa) : i tezx(e—P1z) texz(e—P1z) 
Port P1 output {Address | x Address > -—--—--— _ Address 
(Ag~ Ais/Dg~Di5) 









td(e—P1q) 


td(p1a—e) 
th(e—p1a) 


t ms 
Port P1 output ( Address 


(Ag~Ai5) 
(BYTE=“H”) 


Aw 


—— 


mn texz(E— P2z) tpzx( E—P22) 
Cras [== -- 4 -K sores 


thie—P1p) 
Port P1 input 


th(ace—p2a) 


a 


! 





aD = tsu(p20—e) 
enone ae cane A 
th(e—p2a) Sa (E—p2p) 
Port P2 input 
tw(ALe) ; 
pas d(aLe—e) 
Port P32 output 
(ALE) 
td(BHE—E) 
ee ier 
(BHE) 
tdir/w—e) 
thie—R/w) 

Port P3, output 
(R/W) 

Test conditions 

© Voc= 5 V+10% 

* Output timing voltage > Vo_=0. 8V, Von=2. 0V 

* Port P1, P2 input , Vi. =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and external memory area is accessed) 


tc 


“£(Xin) ia 


py 
| ; 
d(e—4;) tdie—9,) 


ees (| Address 
Address 
(Ao~Az) 


th(aLe—P1A) K 


mi 





- tpzx(e—p1z) 


Port P1 output 
Address 


(Ag~Ais/Dg~ Dis) ' Address 
(BYTE="L") ——— 

td (P1A—ALE) 
Port P1 output aaamen Cl” aameeeiiel 
a) mi B 
(BYTE=“H") 7 . 

th(e—P1D 

Port P1 input 

th(ALe—p2A) B tpzx(e—p2z) 
— Remy ee pee 

tsu(Pp2D—e) 







td(p2a—E) 


a thc e—P2D) 


(Aye~ Ao3/Do~ D7) . — 
td(p2a—ALe) 
Port P2 input 
tw(ALe) i 
‘ td(aLe—e) 
Port P32 output | 
(ALE) 





td( BHE—E) 
thic—sHe) 
Port P3, output 
(SHE) | 2 a) ae 
td(R/w—e) 
th(e—R/w) 





Port P35 output 





(R/W) 
Test conditions 
7 Voc= 5 V+10% 
* Output timing voltage : Vo. =0. 8V, Voy=2. OV 
* Ports P1, P2 input > Vir=0. 8V, Vin=2. 5V 
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DESCRIPTION 

The M37703E4EXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
The features of this chip are similar to those of the 
M37703M4EXXXSP except that this chip has a 32K-byte 
PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for smal! quantity pro- 
duction runs. 


FEATURES 
@ Number of basic instructions eee m ener eer creer ena roserseseeees 103 
@ Memory size PROM (one time) --------------- 32K bytes 
o7.\ \ eee 2048 bytes 

@ Instruction execution time 

The fastest instruction at 16 MHz frequency -:::--:: 250ns 
e Single power supply aietea satus Gasheeartenaduemae MOVs asa 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

nd cru acc hrwts MivsleieinRowene Ge ee adee Seas Valen sae Seeos shade 6O0mW (Typ.) 
@® Wide operating temperature range---------+--- —40~85C 
e@ Interrupts dghach gicaie aa leata coe ene Neea wena abe Dawn tet 19 types 7 levels 
@ Multiple function 16-bit timer ----7e 5-3 
@ UART (may also be synchronous) «17 tre 2 
@ 8-bit A-D converter -*:s:::7t ort 4-channel inputs 
@® 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)-re 53 
APPLICATION 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 

Control devices for industrial equipment such as ME, NC, 
communication, and measuring instruments 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 


crocomputer. 


AVcc 
Vrer 
AVss 


P77/AN7/ADrRcG - 


P7,/AN, + 
P7,/AN, + 
P7o/ANo + 

P65/TBOy > 
P6,/INT> 
P63/INT, ++ 
P6./INTo + 

P57/TA3in 


P5.6/TA3out -_ 


P55/TA2y 


P5,/TA2out - 


P53/TA1 ny 


P52/TAlour 


P5,/TAQw + 


P5o/TAQout + 


P4,/DBC* «+ 

P4,/$,<> 

P4,/RDY + 

P4)/HOLD + 

BYTE — 
CNVss 

RESET > 

Xin > 

Xour *— 


E+ 


P32/ALE «> 
P3,/BHE 


dSXXX4racOZZEWw 


PIN CONFIGURATION (TOP VIEW) 


Voc 


[el P8,/CLK, 


++ P8,/RxDo 
60] +> P84/TxDo 
+> P8&_/RxD, 
+> P8,/TxD, 
++ P0p/Ao 


+> P02/A2 

++ P03/A3 

+> P0,/A, 

+> P0s/As 

51] +> PO¢/Acg 

++ P07/A7 

49] +> P1o/Ag/Ds 
48} +> P1,/Ag/Dy 
+ P12/A40/Di0 
46] +> P13/A,,/D4, 
++ P14/A;2/Di2 
44] > P15/Ay3/D43 
+> P16/A14/Di4 
+> P17/A;5/D45 
41] +> P2o/Ay6/Do 
40}+> P2,/A,7/D, 
+> P2,/A1/Do2 
++ P23/A19/D3 
+> P24/Ao0/D, 
+> P2s/Ao,/Ds 
+> P26/Ao0/Dg 
+> P2,/Ap3/D7 
++ P3,/R/W 


Outline 64P4B 


* : Used in the evaluation chip mode only 
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Od wWod 
wndjnosinduj; 





(8)0d 





Data Bus( Even) 
Data Bus( Odd) 





Data Buffer DB,,(8) 
Data Buffer DB, (8) 


f 


Instruction Queue Buffer Qo(8) 


Ld yod 
indjnosyndu| 


-_ 


~—_ GBSHESCE_OHHHOHO® 


\ 





Address Bus 








Instruction Queue Buffer Q1(8) 
Instruction Queue Buffer Q2(8) 








Zd Hod €q yod td yod Gd yod 
indjnNOsINduy = yndynoyyndu; = INdinO/ynduy| indinosndu| 











DOE P EEE Hw -—_2QQ—--gnnngnna— 


| 








i 








(91)2G4 sowiy (QL)OVL AUT 


pV Joy 





: 








Incrementer (24) 
Program Address Register PA(24) 
Data Address Register DA(24) 
incrementer/Decrementer (24) 
Program Counter PC(16) 
Program Bank Register PG(8) 
Data Bank Register DT(8) 
Input Buffer Register iB(16) 
Processor Status Register PS(11) 











(91) 
(91) 





9d Hod Ld vod 
NdINOsINdy| ndyNnosNndu| 
—9OO9— --D99H 


tT 









Direct Page Register DPR(16) 
Stack Pointer S(16) 











meee) mms eee eae, ‘a ee 
3LAG ~  SaUA OAV SSAV SSANO SSA 2h L3S3u 
yndul uono9jes indui abeyoa (AS) (AO) (AO) (AQ) (AS) indui jasay 
yIpIM sng aouasajay 





(16) 


Index Register Y 


{i 





savkg 802 
WV 






ellolyeo 
xli=li< 
~ |]; )< 
Sli stis 
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elles is 
< oO 
3|(2]]2 
ent 


all 


ONE aE e e  S 


ndjno ajqeug yndyno 49019 


8d wod 
indinosinduj 





— — ED @DAYODES 9 
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FUNCTIONS OF M37703E4EXXXSP 


Instruction execution time 
| PROM S™S™~—CSCOCCC~*d RK tess SC*” 

Memory size 
re SOS™~—SSSCSCSCSCSCS HK CSC“‘“~sSC“s*SCS 
P3 
















Input/Output ports 


P4, P6, P7 4 -bitXx 3 
TAO, TA1, TA2, TA3, TA4 16-bitX 5 (4 Input/Output functions) 
Multi-function timers : 
TBO, TB1, TB2 16-bitX 3 (1 Input function) 
Serial 1/O UARTX 2 (One can be set clock synchronous serial |/O.) 
Watchdog timer 12-bitX 1 
3 external types, 16 internal types 
Interrupts : ie 
(Each interrupt can be set the priority levels to 0 ~ 7.) 


Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 







- 
Input/Output characteristic 
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PIN DESCRIPTION (NORMAL MODE) 


Power supply Supply 5 V+10% to Vcc and 0 V to Vgs. 


Vss 

RESET Reset input 

Xin Clock input 
aaa Enable output 


BYTE Bus width selection input 


AVcc, Analog supply input 
AVss 


Reference voitage input 


PO 9~P07 1/0 port PO 1/O 


Pig~Pt17 I/O port P1 1/0 
P29~P27 1/O port P2 /O 


P3o~P32 1/O port P3 1/O In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 


P49~P 4p, 1/0 port P4 1/O In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 

P4, rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P4. can be program- 
med for ¢; output pin divided the clock to Xj pin by 2. In microprocessor mode, P42 always has the func- 
tion as ¢, output pin. 


P59~P57 I/O port P5 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
, pins for timer AQ, timer A1, timer A2, and timer A3. 
P62.~P6s5 1/O port P6 1/0 In addition to having the same functions as port PQ in single-chip mode, these pins also function as external 
interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO. 

P79~P72, 1/O port P7 1/O In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
P77 input ANo~ANz2 and AN; input pins. P77 also has an A-D conversion trigger input function. 

P89~P8s3, I/O port P8& 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, 
P86, P87 TxD, CLK, CTS/RTS pins for UART 0, and as RxD, TxD pins for UART 1. 







This pin controls the processor mode. Connect to Vsgs for single-chip mode. 












To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 









These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external clock is used, the clock source should be connected to the Xin pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 












Power supply for the A-D converter. Connect AVcc to Vcc and AVsgg to Vsg externally. 


This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O direction register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 













In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D15~Dg)is input or output when E output is “L” and an address (Ais~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;s~Ag)is output. 












In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7;~Do) is input or output when E output is “L” and an address(Ag3~ Aig) is 
output when E output is “H”. 
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PIN DESCRIPTION (EPROM MODE) 


— 

Power supply a Supply 5 V+10% to Vcc and 0 V to Vgs. 

Xin Clock input 

Clock output output 

Reference voltage input Connect to Vgs. 
ee 
























Connect a ceramic resonator between Xin and Xour. 


Connect AVcc to Vcc and AVsgsg to Vgs. 








a 
m 
(2) 
m 
4 










P29>~P27 Data |/O (Do~D7) vO Port P2 functions as the 8 bits data bus (Dp~D7). 


P4p~P4o, Input port P4 Connect to Vsgs. 
P4, 
P5So~ P57 Control signal input 


1/0 
P62~P6s5 Input port P6 input | 


P79~P72, input port P7 
P77 


P89~P8s3, Input port P8 
P8,, P87 










P59", P5; and P5. function as PGM“, OE and CE input pin respectively. 
Connect P53, P54 and P55 to Voc. Connect P5¢ to Vss in 256K mode and to Vcc in 1M mode. Connect P57 to 
Vss.- 


Connect to Vss. 


Connect to Vss. 









Connect to Vss. 








* : It is available in 1M mode. 
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BASIC FUNCTION BLOCKS 

The M37703E4EXXXSP has the same functions as the 
M37703E2AXXXSP except for the following : 

(1) The PROM size is 32K bytes. 

(2) The RAM size is 2048 bytes. 

Therefore, refer to the section on the M37703E2AXXXSP. 


MEMORY 


The memory map is shown in Figure 1. 


000000. 000000. 
00007 Fis 
000080}. 


Internal RAM Peripheral devices 
2048 bytes control registers 
OOFFFFic 


01000016 
00087F 4, 


O1FFFFi¢ 


Interrupt vector table 


UART1 transmission 
UART1 receive 


UARTO transmission 


UARTO receive 
Timer B2 


Timer BO 
internal PROM Timer A4 
32K bytes Timer A2 
Timer AO 
T 
FEFFFFi¢ 


IN 
: 
FFO000,, INTo 
Watchdog timer 
DBC 


FFFFFFi¢ RESET 


FE0000\¢ 


Bank FEi., 





Fig. 1 Memory map 
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EPROM MODE 

The M37703E4EXXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM made. Table 
1 shows the correspondence between pins and Fig. 2 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port Pg is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5o, 
CNVsg and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 





Table 1 Pin function in EPROM mode 


M37703E4EXXXSP | M5M27C256K | M5M27C101K 
CNVss, BYTE 








| vss | Vs 

Address input | Ports PO, P1* Ao™Ai4 Ao~ Ais 
2 
* 





* © In 256K mode, connect P17 and P5p to Vcc. 


Vss 
Data I/O Port P2 Do~D, 
CE P5 CE 
oO 





the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 0000;5.~ 7FFFi¢ in 256K mode, and 
address 18000,,~1FFFF;. in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj pin and Xouyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 
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AVec 





P7,/AN7/ADrRg + [4] 
P7,/AN> + 
P7,/AN, [6] 
P7)/ANo + 





Vrer — +> P8o/CTSo/RTSo 
AVss +> P8,/CLKo 


Voc 


61] ++ P8,/RxDo 
60] ++ P83/TxDo 
++ P8,./RxD, 
+> P8,/TxD, 

















P6s/TBOw 8] ++ PQ9/Ag ———@o 
alata to the P6./INT, «+ [a > PO./A; i 
5M27C256K ae NE? i D 
° P63/INT, + [lo ++ P0,/Az 2 
, P6./INT, + [il ++ P03/A3 ————@ 
1 P57/TA3 iy +> P04,/A,—————G@ 
. Ossetia P56/TASour = +> P0s/As-————‘@) 
ian P5s/TA2m ++ [4 o ++ P0¢/Ag —————G 
P54/TA2our a ++ P0,/A, 
. P53/TA1y = [49] +> P1/Ag/Ds —————‘as 
eee )——P 52! TA our + Fa 48] +> P1,/Ag/Da———Gn) 
é CE )—————P5,,/TAO py + 25 +> P12/A4o/D49 ————@) 
P59/TAQour +> 95 46] <> P15/A,,/D,;———@ 
| P4, + vU +> P14/A,2/D,2.-———@a 
aah ea Ha <> P1s/Ay3/Dig ais Equivalent to the 
Equivalent to the P4,/RDY +> +> P16/A,4/D14-——@) M5M27C256K 
MSM27C101K P4,/HOLD ++ + P17/Ays/Dis jG) 
BYTE — 41] ++ P2,/A;./D3>— —‘o) Equivalent to the 

ee 0) + P2:/A,-/0j, === MeMerG Oi 
RESET — ++ P2>/A1,3/D2.——"®»2) 
‘ | O—-———— Xn > ++ P23/A;9/D3——_03) 
O—-——————— Xour + ++ P24/A29/D,— a) 
E+ ++ P25/A2,/Ds—————o) 
Vss ++ P2¢/A22/Dg —————_‘0) 


P3./ALE +> 
P3,/BHE + 





Fig. 2 Pin connection in EPROM programming mode 


Outline 64P4B 


++ P2,/A53/D, —-——— 
++ P3,/R/W 


* : Connect to ceramic oscillation circuit. 
©) : Same functions as M5M27C256K. 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading ee 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ajg~Aj5) to be read, and the 
data will be output to the I/O pins Dp ~D;7. The data 1/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ap~Aj;5, and the data to be 
written is input to pins Dpo~D7. Set the PGM pin to “L” level 
to being writing. 





Writing operation 

To program the M37703E4EXXXSP, first set Voc=6V, Vpp= 
12.5V, and set the address to 18000;¢. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc™= Vpp=5V( or Voc=Vpp=5.5V). 


Table 2. I/O signal in each mode 





5v | 5V | Output 
Vi | Vin 5v | 5V | Floating 
Disable 


Programmin 
: Vii | Viv | Vin {12.5V} 6V 
Verify 
Program Disable] Vin_| Vin | Vi {12. 5vl 6V | Floating 


Note 1 : An X indicates either V,_ or Vin. 













nh 
Oo) 
< a) 
o 
< 








Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Tq=25+5C, Voc=6VH0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 





Data setup time 
Address hold time 
Data hold time 


Output enable to output float delay 


PGM pulse width 


PGM over program pulse width 


CE setup time 
| toe _| Data valid from OE 





Test conditions 























ae 


3—309 


MITSUBISHI MICROCOMPUTERS 


M37703E4EXXXSP 


PROM VERSION of M37703M4EXXXSP 





AC waveforms 









PROGRAM VERIFY 
Vin 
Viv 
Vin/Vou = 
DATA he DATA aac (| DATA ae VALID os 
Vpp 
Voc 
Vect1 
Voc 
_ Vin 
CE 
. Tt 
Vin 
PGM ie 
Vin 
Vin 
OE 
Va 
Test conditions for A.C. characteristics 
. FA ‘ Input voltage ° V\_=0.45V, V,4=2.4V 
ramming algorithm flow chart 
Prog 7 g alg . Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 
“L"=0. 8V, “H"=2V 
ADDR=FIRST LOCATION 
X=X+1 
Linas > YES 
FAIL }| DEVICE 
FAILED 
PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 
INCREMENT ADDR LAST ADDR ? 
VERIFY FAIL DEVICE 
Spence eee 
| DEVICE PASSED | PASSED *4.5V <Voc=Vpp<5.5V 
ee pene 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading So 

To read the PROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ajg~A,,4) to be read and the 
data will be output to the I/O pins Dp ~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Aj,4, and the data to be written is input to pins Do 
~D,. Set the CE pin to a “L” level to being writing. 


Writing operation 

To program the M37703E4EXXXSP with fast programming 
algorithm, first set Vec=6V, Vpp=12.5, and set the address 
to “0”. Apply a ims write pulse, check that the data can be 
read, and if it cannot be read OK, repeat the procedure, 
applying a 1ms write pulse and checking that the data can 
be read until it can be read OK. Record the accumulated 
number of pulse applied (N) before the data can be read 
OK, and then write the data again, applying a further three 
times this number of pulses (3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when ail addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.5V). 


Table 3. I/O signal in each mode 







Data I/O 









Output 








Output Floating 
Disable 5V Floating 





6v | input | 


V 
Programmin 
9 . 12.5V 6V Output 
V 


Verify 


Program Disable 12.5V] 6 Floating 


Note 1 : An X indicates either V,. or Viy. 








Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Voc=6V0. 25V, Vpp=12. 5-0. 3V, unless otherwise noted) 


Parameter 








Symbol 


Address setup time 








OE setup time 





Test conditions 








Data setup time 





Address hold time 



































tepw CE initial program pulse width 
topw CE over program pulse width 
tee Data valid from OE 
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AC waveforms 


ADDRESS 


DATA 


Vin 
Vin 
Vin/Vou 


Vit/Vor 


Vpp 


Voc 
Vectl 


Voc 


Vin 


Vic 


Vin 


( 


PROGRAM VERIFY 





cr 
ee eee 


iE 


TPUT 
DATA SET ah an » 


a 










PROGRAM ONE PULSE OF Ims 
X=X+1 
Kea YES 
PROGRAM/VERIFY FAIL {DEVICE 
ONE BYTE FAILED 


PASS 
PROGRAM PULSE 
OF 3Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR ? 
YES 


Voc=Vpp= *5. OV 


VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 


DEVICE PASSED * 4 5V<Voc=Vpe<5.5V 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 

(2) The programmable M37703E4ESP that is shipped in 
blank is also provided. For the M37703E4ESP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 
to the flow below before use is recommended. 


Writing with PROM writer 


Screening 






(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


i a IEE NN —— a «ae oe nuep aap GT «=» a 
; Function check in target device | 
L ET ED ES Se SP ee Ee ae SEN Eper _ 
Caution : Never expose to 150 C* exceeding 100 hours. 


oe Ee 


ADDRESSING MODES 

The M37703E4EXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37703E4EXXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM . 

(1) M37703E4EXXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form for one time PROM 

(3) ROM data (EPROM 8 sets) 
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ABSOLUTE MAXIMUM RATINGS 


Supply voltage 
Analog supply voltage 


Input voltage PQo~P0,, Plo~P17, P29~P27, P89~P32, 
V; —0. 3~Voct0. 3 


V 
P49~P4o, P4,, P5o~P5r, P62~P6s, 
P79~P72, P77, P89~P83, P8., P87, Vrer, Xin 
Output voltage PO o~P0;, P19~P1 7) P29~P2z7, P3o9~P3o, 
V 
Operating temperature | ie 
Storage temperature Pe ese oe egg —60~150 


P49~P4o, P4,, P5o~P5y, P6~P6s, 
Note 1. Input voltage for CNVss and BYTE pins is 13V in writing to PROM. | 









| Ratings 
re eee eae 
a oy ae ee 
| =-0.3~12(Notet) | Vv | 















V 
Mv 
V 
V 
V 





P7)>~P7>, P77, P89 ~P83, P85, P87, Xour, E 














RECOMMENDED OPERATING CONDITIONS (Vcc=5v+ 5%, Ta=—20~85C, unless otherwise noted) 


Symbol Parameter 


Ty 
| Voc | Supply voltage 
AVcc Analog supply voltage 














TG 


Vv 





QO 
@) 
ak 
oO 












Supply voltage 

High-level input voltage PO o~P0;, P39~ P32, P49~P4o, P4,, P5o~ P57, 
P62~P6s, P79>~P72, P77, P89~P83, P85, P87, 

High-level input voltage Pig~P17, P29~P27 0. 8V 
(in single-chip mode) ee 

High-level input voltage P19~P17, P29~P27 (in memory 0.5V 
expansion mode and microprocessor mode) es 
Xin, RESET, CNVss, BYTE 

Low-level input voltage P19~P17, P29>~P27 


Voc 
Analog supply voltage 
Vin 
Xin, RESET, CNVss, BYTE 
Vin 
Low-level input voltage PO 9~P07, P39~P32, P49 ~P42, P47, PS5g~P57, 
Vin P62.~ P6s, P7o~ P7o, P7?, P8o~ P83, P8e, P87, 
V 
(in single-chip mode) 
Vv 


2 
os) as 
< s 
) on 
QO 
di 
conn 














Low-level input voltage P19~P17, P29~P27 (in memory 
a expansion mode and microprocessor mode) 
High-level peak output current POg~P07, P1qg~P17, P29~P27, P3p~P3o, 
P4p~P4o, P4,, P5o~ P57, P62~ P6s, 


lou( peak) 
Plo~ P7o, P77, P8~ P83, P8e, P87 
High-level average output current POg~P07, P19~P17, P29~P27, P39~P3o, 
lon(avg) P49~P4o, P4,, P5p~P57, P6.~P6s, 
P79~P7o, P77, P89~P8s3, P8, P87 


Low-level peak output current P0g~P07, P19p~P17, P29~P27, P39~P3o, 
lot(peak) 


P4o~P4p, P47, P5g~P57, P62~P6s, 
lovavg) 


P7o9~P7o, P77, P89~P83, P86, P87 
Low-level average output current PQg~P07, Plp~P17, P29~P27, P39~ P32, 

P4o~ P4p, P4,, P5o~ P57, P62~ P6s, 

P7p~P7o, P77, P8>~ P83, P8c, P87 

Note 2. Average output current is the average value of a 100ms interval. 

3. The sum of lo.(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lon(peak) for ports PO, P1, P2, P3 and P8 must be 80mA or less, 
the sum of lo.(peak) for ports P4, P5, P6 and P7 must be 80mA or less, and 
the sum of lon(peak) for ports P4, P5, P6 and P7 must be 80mA or less. 







© 


mA 






oe) 









3 
> 


> 












=, a 
oi on 


External clock frequency input 
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M37703E4EXXXSP 
ELECTRICAL CHARACTERISTICS (Vcc=5V, Vss=0V, Ta=25C, f(X:n)=16MHz, unless otherwise noted) 


; 
Parameter Test conditions 


Typ 
High-level output voltage POQo~PO07, Plo~P17, P29~P27, 
P39, P3,, P4g9~P4o, P47, 
P5o9~ P57, P62~P6s5, P79~ P72, 
P77, P8~ P83, P8c, P87 
High-level output voltage POg~P07, P19~P17, P20~P27, 
P39, P3, aii 


Unit 











lon=—10mA 3 















lon=—400uA 








lon=—10mA 
lon=—400nA 
lon= —10mA 






High-level output voltage P32 





Se) 
pBlo;—-}| Nn 


Von High-level output voltage E 


lon= —400uA 


Low-level output voltage POp~P07, Plo~P17, P2p~P27, 
P39, P31, P4g~P4o, P47, 
Vv lop =10mA 
OL P5o~P57, P6:~P6s, P7p~P7o, oe 
P77, P8 ~~ P83, P8, P8, 
Low-level output voltage PQo~P07, Plo~P17, P29~P27, 


V lop =2mA 
OL P35, P3, OL 


lo.= 10mA 
VoL Low-level output voltage P3> 
lop =2mA 
oot loL= 10mA 
V Low-level output voltage E 
lop =2mA 


OL 
Hysteresis HOLD, RDY, TAQn~TA3in, TBO, 
a INTo~INT2, ADtac, CTS, CLKo 
Hysteresis RESET 
| Vrt—Vr-| Hysteresis Xw | 
High-level input current POg~P07, Plo~P17, P29~P27, 
P3p~ P32, P49 ~P 42, P47, 
P59~P57, P62~P6s5, P79~P72, 
P77, P89~P83, P8., P87, 
Xin, RESET, CNVgs, BYTE 
Low-level input current POg~POQ7, Plo~P17, P29~ P27, 
P309~ P32, P4g~ P42, P47, 
P5o~P57, P62~P6s5, P79~P72, 
P77, P89~P8s3, P86, P87, 
Xin, RESET, CNVss, BYTE 


f(Xin) =16MHz, 
Ta=25 when clock 


Ta=85C when clock 
is stopped. 








0. 45 


te 


2 
b 
w 





























Vi=5V 














V,=0V 


on 


ako) 
> uo Wloa; — 
3 is 


is 
> 





= 
N ~) 


12 









In single-chip mode 





output only pin is 
open and other pins 
are Vss during reset. 






Power supply current 


20 


is 
> 





Parameter Test conditions 


p= absoute accuracy SSC~*di ee VooSSSCSC*” 
Conversion time 

Reference voltage 

Analog input voltage 
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TIMING REQUIREMENTS (Vcc=5V+10%, Vss=0V, Ta=25°, f (Xin) =16MHz, unless otherwise noted) 
External clock input 


External clock input cycle time 

External clock input high-level pulse width 
External clock input low-level pulse width 
eth = ol External clock rise time 


External clock fall time 







Limits 
Unit 





62 
25 
25 








Single-chip mode 


Parameter 


E) 









Limits 





Unit 
















ee ee ee ee | 
oOio;o;ioO;1O 
O1o;O!10O/O 


sf et ae | ee 
O};OQ!;o!1|oO 









Memory expansion mode and microprocessor mode 


Symbol Parameter 


45 
Port P2 input setup time . 45 
RDY input setup time 
RDY input hold time 





Limits 
Unit 
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Timer A input (Count input in event counter mode) 


TAiy input cycle time 
TAiwy input high-level pulse width | 62 | 
TAiy input low-level pulse width 
















Timer A input (Gating input in timer mode) 


TAijy input cycle time 
TAi input high-level pulse width 250 
TAiy input low-level pulse width 





Timer A input (External trigger input in one-shot pulse mode) 


te( ta) TAiy input cycle time 





tw(TAH) TAiin input high-level pulse width 


TAiin input low-level pulse width 


Symbol Parameter Unit 





| Max. 
| ns | 
TAin input low-level pulse width 125 |  |ons | 


Timer A input (Up-down input in event counter mode) 


yMbDO arameter Min. | nt 


TAiour input cycle time 2500 Be as] 
TAiout input high-level pulse width 1250 i eal 














TAiour input low-level pulse width 1250 
TAiour input setup time 500 


ns 
—s 

—s 

—s 

ns 
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Timer B input (Count input in event counter mode) | 


ymdo arameter | Min. | 


to(TB) TBO input cycle time (one edge count) 125 
TBOw input high-level pulse width (one edge count) 


| Max. | 

ea aed 

ep 

TBOw input low-level pulse width (one edge count) . | 62 | | 
a 

a astal 

weed 























TBOww input cycle time (both edges count) 250 
TBO, input high-level pulse width (both edges count) 125 





TBO, input low-level pulse width (both edges count) 





Timer B input (Pulse period measurement mode) 


Limits 
Symbol Parameter 


TBO input cycle time 





TBO, input high-level pulse width 


tw(tBL) TBOw input low-level pulse width 





Timer B input (Pulse width measurement mode) 


Limits 


. TBO input cycle time 
TBO input high-level pulse width 
, 250 











TBO input low-level pulse width 


A-D trigger input 


| | 
Symbol Parameter 


ADtrg input cycle time (minimum allowable trigger) 


AD+ag input low-level pulse width 





Serial 1/O 


kabel rr 


CLK input high-level pulse width | 12] | 
CLKo input low-level pulse width 125 a 

















TxDpo output delay time ess. 


thic—pb) RxDo input hold time 


External interrupt INTj input 


INT; input high-level pulse width 
INT; input low-level pulse width 
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SWITCHING CHARACTERISTICS (Vcc=5V+10%, Vss=0V, Ta=25C, f (Xin) =16MHz, unless otherwise noted) 
Single-chip mode 


Symbol Parameter Test conditions 


td(e—Ppoa) Port PO data output delay time 











td(e—P1aQ) Port P1 data output delay time 


td(e—p2aq) Port P2 data output delay time 





td(e—psa) Port P3 data output delay time 





tdi(e—p4aq) Port P4 data output delay time Fig. 3 








td(e—psa) Port P5 data output delay time 








td(e—p6a) Port P6 data output delay time 


Port P7 data output delay time 
Port P8 data output delay time 














Memory expansion mode and microprocessor mode (when wait bit = “1") 


Test conditions 












Limits 





Symbol Parameter Unit 














w 
oO 


td(poa—e) Port PO address output delay time 


E 
Port P1 floating start delay time (BYTE=“L”) 






Nh SN SJ 
io) 1}; © O11 Oo 








Port P1 floating release delay time (BYTE=“L”") 
Port P1 address hold time (BYTE=“H”) 


Port P2 floating release delay time 
R/W hold time 
E pulse width 


N 


—~—j jr IiININ NIN N Wi Wi Ww NO] w NO} @ 
COy)oj;on;o O11 ony; oO on ao;oI1on a?) | O 





> 
i?) 





i<e) 


5 
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Memory expansion mode and microprocessor mode (when wait bit = “0”, and external memory area accessed) 


Port PO address output delay time 

Port P1 data output delay time (BYTE=“L”) 

Port P1 address hold time (BYTE=“H”) 

R/W hold time 

E pulse width 


Limits 


Unit 












Ww 
Oo 


Rilaio nlpolhy N w |] ww N | w No] w 
| 0 | ro) on} an] a oO oO1olan BIO BIO 





Ss 
oO 







~S 
So 











NO 
© 









N 





N 
oO 





















Fig. 3 Testing circuit for ports PO~P8, ¢, 
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TIMING DIAGRAM tr tf te 
Single-chip mode i pa tw(H) twit) 
es 
E 
wag td(e—Poa) 
Port PO output |X 
tsu(poo—e) = 
Port PO input * ieee 
aay td(e—Piaq) 
Port P1 output B. 
tsu(p1D—€) 
paaa 
Port P1 input eo thie—Pip) 
any td(e—p2a) 
Port P2 output |X 
tsu(p20—e) 
Port P2 input im th(e—p2p) 
ag td(e—p3aq) 
Port P3 output | X 
tsu(p3p—e) — 
Port P3 input iB th(e—psp) 
| td(e—paaq) 
Port P4 output |X 
tsu(p4n—e) 
— 
Port P4 input i thie—pap) 
ag td(e—psa) 
Port P5 output | X 
tsu(psp—e) — 
Port P5 input » th(e—psp) 
ang td(e—p6a) 
Port P6 output | X 
tsu(pep—e) 
Port P6 input i, thiepen) 
Lan td(e—P7a) 
Port P7 output |X 
tsu(p70—E) — 
Port P7 input re th 
P (E—P7D) 
naa td(e—psa) 
Port P8 output | X 
‘ - 
Su(P8D—E) fais 
Port P8 input [ea th(e—psp) 
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TAin input 


to(up) 


TAiout input 





TAiourt input 
(Up-down input) 


In Event counter mode 


TAiiy input 


(When count by falling) 
(When count by rising) 


TBOw input 





te(ap) 






wean) | 


ADrre input 


teick) 


CLK =. 


2 ee 


thic—a) 


TxDo 


i 


ig 


tsu(p—c) thic—p) 
Seas A 


RxDo 


twin) 


INT] input . 
. twOiNnH) 
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Memory expansion mode and microprocessor mode 


(When wait bit = “1”) 


?1 


mi 


/™ ome ae Oe ee ee ae ee ee eee ee ee eee eee eee eo eee eee eee ee ee ee ees eee ee 


4 


RDY input 


(When wait bit = “0”) 


i 


Qe ee ee a a a a 


4 


RDY input 


(When wait bit = “1” or “0” in common) 
pi 


tsu(HoOLD—¢}) th(¢,—HoOLD) 


HOLD input 


Test conditions 
7 Vec= 5 V+10% 


* Input timing voltage * V;,=1. OV, Viy=4. OV 
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Memory expansion mode and microprocessor mode (When wait bit = “1”) 


tf tr tc 
twiL) twiH) 
(Xin) 
?y 
td(e—4)) sat eee 
E 


‘ ( Ao~ Az ) 


ile 


th(ace— POA) H4 texz(e—p1z) 
Port P1 output _ Address 
(As~Ai5/De~ Dis) 


td(p1A—E) 


th(e—p1a) 





F pata | Address 


> 


(Ag~Ais) 
(BYTE=“H”) -—— thi—e—p1p) 
Port P1 input 


thi aLce—p2a) yy texz(e—p2z) tezx(e—p2z) 
— i), a ee ee 


(A1e~Az3/Do~Dz) P tacwza—ate) | ao tsu(p2p—-E) 
ale th(e—p2a) -—+--| h(e—P2p) 
Port P2 input 
= at LA ~ 
Port P32 output 
(ALE) 


24 


a 


as €) 
fae faa (E—BHE) 
(BHE) 
‘aie th(e—R/w) 


Port P39 output 
(R/W) 
Test conditions 
* Veo™= 5 V+10% 
* Output timing voltage > Vo_=0. 8V, Von=2. OV 
* Port P1, P2 input > Vip =0. 8V, Vin=2. 5V 
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Memory expansion mode and microprocessor mode (When wait bit = “0”, and éxternal memory area is accessed) 


(Xin) 


py 


mi 


Port PO output 


tc 


(Ag~Az) 
N(ALeE—P1aA) Ss tpzx(e—P1z) 
Port P1 output 
(Ag~Ais/Dg~ Djs) Address Address 
(BYTE=“L") 


Port P1 output 
(Ag~Ais) 
(BYTE=“H”") 


Port P1 input 


Port P2 output 


Port P2 input 


Port P32 output 
(ALE) 


th(aLe—P2a) 5 ate 


td (P1A—ALE) 





th(e—p1p) 


a tezx(e—p2z) 
Address 
—S th(e—p2p) 





les 






+ 
td(ate—e) 





—> 
th(—e—BHE) 
Port P3, output 
(SHE) a: ae 
td(r/w—E) 
th(e—R/w) 
Port P39 output 
(R/W) 
Test conditions 
* Output timing voltage : Vo. =0. 8V, Voy=2. OV 
* Ports P1, P2 input : Vii=0. 8V, Vin=2. 5V 
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M37704 GROUP PROM VERSION 

The M37704 group has the PROM version which can be writ- 
ten into the internal PROM corresponding to the mask ROM 
version. woe 

There are two types for PROM version : 


@One time PROM version which can be written once 
@EPROM version which can be written and erased repeat- 
edly 


The PROM version has the same functions as the mask ROM 
version except for a built-in PROM. Additionally, it has the 
EPROM mode for writing into the internal PROM. 

General purpose PROM writer can be used for writing, so that 
the PROM version is suitable for a small quantity and various 
production. 


FEATURES 

@Available one time PROM version and windowed EPROM 
version 

@Choice of 16MHz, and 25MHz versions as external clock 
input frequency 

@Choice of wide operating temperature range version (“E” 


version) | 

@Choice of two types as EPROM mode with the M37704E4 
*256K mode ............. equivalent to EPROM M5M27C256K 
°1M mode................. equivalent to EPROM M5M27C101K 


* The M37704E2 is fixed to 256K mode. 


Expansion of M37704 group PROM version 


ROM | Group name | Memory size FrequencysTemp. Package 
type | + Memory (Byte) ¢ Supply Vol. 
identification[ROM|RAM| A |B | E | 























S| rs | st @| | 
Time QFP 


Windowed M37704E2 


mrad Me7roaez | rex | s12 | @ | —|—| See 
note1| MA77O4EA | 32K |1024)— 1 @ || (e009 


@ : NOW 






Note 1. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 

2. Supply voltage of the wide operating temperature 
range’s one time PROM version with M37704E2 is 
4.75V—5.25V. 

3. The external clock input frequency 25MHz version oper- 
ates only in the single-chip mode. 
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DESCRIPTION 

The M37704E2AXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 
tures of this chip is similar to those of the M37704M2A 
XXXFP except that this chip has 16K-byte PROM built in. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business, and industrial equipment con- 
troller that require high-speed processing of large data. 
Also, the incorporated motor control circuit makes this mi- 
crocomputer suitable for control of equipment that requires 
motor control. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. The M37704E2AFS (16MHz version) with 
erasable ROM that is housed in a windowed ceramic LCC 
is also provided. 


DISTINCTIVE FEATURES 


e@ Number of basic instructions GEEK PERM eT ER ee ee ee eC 103 
e Memory size PROM er err 16K bytes 
RAM Se i re a ea a 51 2? bytes 

@ Instruction execution time 

The fastest instruction at 16 MHz frequency -::::::: 250ns 
e Single power supply sage oe eed eee Was been MORES Ren cee beim Oe 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

as nreate Sista sbe eid eta ki' iu: atsia alee a a7ase 0 Sielalaie "piesa Nata acR.b la ete Se sld's) oleswlateielens 60mW (Typ.) 
@ Interrupts ee cevccwsre EWE SRS UES el eee LER 19 types ¥ levels 
@ Multiple function 16-bit timer: S+3 

(Three-phase motor drive waveform or pulse motor 

drive waveform can be output.) 
@ UART (may also be synchronous) ohn ieolelece wie Sind ieipie Diels Swiase oes 2 
@ 8-bit A-D converter --:::::- treet terre 8-channel inputs 
@® 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)- 1 68 
APPLICATION 


Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


PIN CONFIGURATION (TOP VIEW) 


[Bl<» P7,/AN, 
i3j+> P72/AN2 
i3)-> P73/AN3 
> P7,/ANg 
ae P75/ANs 
+> P7.6/ANg6 
«> P77/AN7/ADtRe 
(&] +> P8p9/CTSo/RTSo 
iS}e> P8,/CLKg 
1 $3 | -_~ P82/RxDo 
iR\|<> P83/TxDo 


5] 
El 
Ell 
i 


64] +> P8,/CTS,/RTS, 
63] <> P8./CLK, 
62} +> P8,_/RxD, 
61] +> P87/T,D, 


P79/ANo +> L1] 
P67/TB2iy +> [21 


P69/TA4gur/ RTP1, +> 9 | 


P§6/TA3ur/ RTPI, +> [11 
P55/TA2y/U/RTPI, +» [1] 
P§4/TA2gur/V/RTP1o +> 13} 
P5q/TAT p/W/RTPO, <-> [Ta 
P§./TAlour/ U/ RTPO. ++ [15] 
PS,/TAQAV/RTPO, ++ [Te 
PSo/TA0ouT/W/RTP0y +> 


52] +> P1o/Ag/Dg 
51] +> P1,/Ag/Dg 
50] +> P15/Ayo/Dio 
4g] +> P13/Ay1/D44 
48] > P14/Ay2/Dy0 
+> P15/Ay3/Dy3 
46} +> Pte/Ay4/Di4 
es) > P1,/Ars/Dis 
44] +> P2/Ai6/Do 
143] > P2,/A,7/D, 
42] +> P2,/A18/D2 
41} +> P23/Ay9/D5 


daxxxvVcsAv0ZZEw 


P4,/RDY ++ [24] 


P49/HOLD + [8 
P25/A21/Ds +> [3] 
P24/A20/Da > [5] 





THE FUNCTIONS AND CHARACTERISTICS 
The M37704E2AXXXFP has the same functions and charac- 
teristics as the M37704M2AXXXFP except that the input 
voltage of pins CNVss and BYTE is 13V when writting to 
PROM. Refer to the section on the M37704M2AXXXFP. 


NOTE. 

(1) Do not use the M37704E2AFS for mass production, be- 
cause this is a tool for program development (for 
evaluation). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 


The M37704E2AXXXFP and M37704E2AFS satisfy the tim- 
ing requirements and the switching characteristics of the 


former M37704E2-XXXFP and M37704E2FS. 
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Od Hod Ld od @d yod Ed od vd od 
indjnosindu| indinosndu| indinosinduy = yndyngsAnduy = yndynojnduy 








Gd vod 9d uod 
indjno/induy| indjnosindu| 


= = 9 OB GHHH—-GOGMDDDDD HDDONH HO—HHDHH-DNLOQD OQ OMN- DDD NHODOA-OOMG OHO 


) 


Data Bus(Even 





aan 





Data Bus(Odd) 





IELTS: a-v e@oldva 


Address Bus 








) 


(8) 


8 


( 


Data Buffer DB,, 
instruction Queue Buffer Qo(8) 
Instruction Queue Buffer Q1(8) 
Instruction Queue Buffer Q2(8) 
Incrementer (24) 

Data Address Register DA(24) 
Incrementer/Decrementer (24) 
Program Bank Register PG(8) 


Data Buffer DB, 
Program Address Register PA(24) 


Program Counter PC(16) 


 emennnnerrmreers:: 


Uy UY 


(8)49}sIBoy uoNonsysu} 


ae aa a SSAY SSAND SSA 
yndul uoyoajas yndui abeyoa (AS) (AQ) (A0) (AQ) 
UIPIM SN a0uasBjJOY 








(8)Sd 








Zd yod 8d uod 
indinosindu| indjnosinduj 


rh rr rere on eon eer oi Oe OO. OOF mn RO --> 





DOVG) BED IDSDOD—8F 19. 99) 6999 £929 19 a 











ine 
(e1yoau own] [evovs own 


[tran sou] [(eiiws vou 
soul, Bopyrem| | (91)EV1 sowIL | 
W419 jONUOD 10}0y | (QL)pWL Jou | 















Data Bank Register DT(8) 
Input Buffer Register 18(16) 
Processor Status Register PS(11) 
Direct Page Register DPR(16) 
Stack Pointer S(16) 
Index Register Y(16) 


UUH UU UH 


Us 8 


soikg ZIS soykg 49l 
WOud 


t 


Index Register X(16) 
Arithmetic Logic 
Unit(16) 


Accumulator B(16) 
Accumulator A(16) a 


# ESOT S nS 0 ek ne ae 


oN 13aS3u 





(AG) . yndul jasay yndyno ajqeuy yndjno yOOIg = Ndul 4901 


WVYDVIG MOO1E dAXXXVZ2AvOLZEW 












UNDO Buynesuay yoo0/9 


aa 
=a 
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FUNCTIONS OF M37704E2AXXXFP 


Instruction execution time 250ns (the fastest instruction at external clock 16MHz frequency) 
Memory size 
512 bytes 
PO~P2, P4~P8 8 -bitX 8 
mee 












Multi-function timers 
3 external types, 16 internal types 
frome fame a iy 73 
~ 
Input/Output characteristic 


pace M37704E2AXXXFP 80-pin plastic molded QFP 
ackage 
? M37704E2AFS 80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION (NORMAL MODE) 


Voc: Power supply Supply 5V+10% to Vcc and 0 V to Vsgsg. 
Vss 
CNVsgzg input . Input This pin controls the processor mode. Connect to Vsg for single-chip mode. 


_ 


XIN Clock input Input 


Bus width selection input 


AVcc: Analog supply input 
AVss 


Reference voltage input 


PO o~P07 1/O port PO . 1/0 
Pto~Pt, | V0 port PI 
1/0 













To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 










These are !/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xin and Xour. When an external! clock is used, the clock source should be connected to the Xjy pin 
and the Xour pin should be left open. 


Data or instruction read and data write are performed when output from this pin is “L”. 


in memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 
























Power supply for the A-D converter. Connect AVcc to Vcc and AVsgg to Vg externally. 


This is reference voltage input pin for the A-D converter. 


In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 
pin can be programmed for input or output. These ports are in input mode when reset . 
Address(A7~Ao)is output in memory expansion mode or microprocessor mode. 


















In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(D1s~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 





in single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~ Do) is input or output when E output is “L” and an address(Ao3~Aje)is 
output when E output is “H”. 


P29~P27 I/O port P2 


P3)>~P33 ‘| I/O port P3 


P49~P4, 1/O port P4 
P59~P57 1/O port P5 1/0 


P6)~P6, —_—| 1/0 port PG 1/0 


P79~P77 1/O port P7 1/O 
P89~ P87 1/O port P8 1/O 






In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, ALE, and HLDA signals are output. 





In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. In single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to Xn pin by 2. In microprocessor mode, P42 always has the fanc- 
tion as ¢; output pin. 

















In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2, and timer A3. P59 to P5g also have the function as motor control output 
pins. 





In addition to having the same functions as port PO in single-chip mode, these pins also function as I/O 
pins for timer A4, external interrupt input INTo, INT;, and INT2 pins, and input pins for timer BO, timer B1, 
and timer B2. P69 also has the function as motor control output pin and P62 has the function as motor control 
pin. 















In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 
input ANg~AN7 input pins. P77 also has an A-D conversion trigger input function. 








In addition to having the same functions as port PO in single-chip mode, these pins also function as RxD, | 
TxD, CLK, CTS/RTS pins for UART 0 and UART 1. 
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PIN DESCRIPTION (EPROM 


CNVss Vpp input 


BYTE Vpp input Input 


RESET Reset input Input 


Clock input Input 


+ 


Clock output Output 





Enable output 


A-D power supply 








Reference voltage input 





Address input (Ag~A7) 


MODE) 


Functions 





Supply 5 V+10% to Vec and 0 V to Vss. 





Connect to Vpp when programming or verifing. 


Connect to Vpp when programming or verifing. 


Connect to Vgs. 





Connect a ceramic resonator between Xjy and Xour. 





Keep open. 








Connect AVcc to Vcc and AVss to Vss. 


Connect to Vgs. 


Port PO functions as the lower 8 bits address input (Ap~A7). 





Address input (Ag~Ay4) 
Data 1/0 (Do~D7) 
Input port P3 

Input port P4 


P59~P57 Control signal input 


P69~ P67 Input port P6 
P79~P77 Input port P7 
P89~P87 Input port P8 











Port P19~P1¢ functions as the higher 7 bits address input (Ag~A14). Connect P17 to Vcc. 
Port P2 functions as the 8 bits data bus (Dp~D7). 

Connect to Vgs. 

Connect to Vgs. 


P5, and P5, functions as OE and CE input pin. 
Connect P59, P53, P54 and P5s to Vcc. Connect P5. and P57 to Vss. 


Connect to Vgs. 





Connect to Vss. 


Connect to Vss. 
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EPROM MODE | 

The M37704E2AXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 gives 
the pin connections in the EPROM mode. 

When in the EPROM mode, ports PO, P1, P2, P5;, P5bo, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
| can be written to or read from using these pins in the same 
‘way as with the M5M27C256K. 

This chip does not have Device Identifier Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,~ 7FFF,, for the M37704E2A 
XXXFP. 


1S}+> P7,/AN, 
+> P7/AN> 
+ P73/AN3 
> P74/ANg 
— P75/ANs 
+> P76/ANg 
+ P77/AN7/ADtre 


3 | 
| 


P7o/ANo ++ LU 


P6,/INT2 +* 


P6,/TA4n + Le 
P6o/TA4our/RTP13 + © 


P5¢/TA3qu1/RTP12 + LY 
-P55/TA2in/U/RTP1, + [12 
P5,/TA2our/V/RTP1, + [3 
P53/TA1in/W/RTPO, + [14] 

CCE) — P52/TA1 out/U/RTPO2 + [15 
COE)D-—— P5,/TAOn/V/RTPO, + [16 
P5o/TAQour/W/RTPO0p + 


P4.9/HOLD + [8 


Outline 80P6N-A_ 3 


Fig. 1 


Pin connection in EPROM programming mode 


d4XXXVZSPVOLLEW 


Fl 
iS 


P33/HLDA + 
P30/ALE + 


Set the clock which is either ceramic resonator or external 
clock to Xj pin and Xour pin. 


Table 1 Pin function in EPROM programming mode 


|_| M87704E2AxxxFP | M5M27C256K 
Vcc 
Vpp 
Vss 





We ee ee, 
Ne ee 
[eee ee ee eee 
(1 -aa C.T 
















'B] ++ P89/CTSo/RTSp 
+ P8,/CLKo 
+> P83/T,Do- 


Si 


Elbed P82/RxDo 


Bi] 





64] +> P8,/CTS,/RTS, 
+> P8;/CLK, 


Gs) 

“Ged 

+ PI o/Ag/Dg —— Gs) 
51 | - P1,/A9/Dg 
50} +> P15/A10/D19 —Gip 
49 | - P1 3/A4,/D4;3— @ip 

: 48 | ~ P1 4/Ay2/Dy2—@ip> 
+> P1s/Ajq/Di3-——Gi 
46 | + PI 6/Ay4/D44— @19) 


44] <> P2,/A16/Do 
+> P2,/Ay7/Di_—Cop) 
2] «> P22/Ay—/D2—Cop) 
41] +> P23/A19/D3———Co3) 








Ei 
Ls | 
EI 


(oz) P27/Ag3/D7 + 
6) 

(5>———P25/Aa1/Ds ce 
@4)>———P24/Aan/Dag ** 1S: 


P3;/BHE + fl 
P39/R/W +> [8] 
P26/A22/Dg +> 


* ‘ Connect to ceramic oscillation circuit. 
C > : Same functions as M5M27C256K. 
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FUNCTION IN EPROM MODE Table 2 I/O signal in each mode 
Reading a= 
To read the PROM, set the CE and OE pins to a “L” level. Moa] SE | OE | vee | Voc Data 1/0 
Input the address of the data (Ayg~Aj,4) to be read and the 5V Output 
data will be output to the I/O pins D)~ D;. The data |/O 
pins will be floating when either the CE or OE pins are in Disable 9 V Floating 
eae input 

Programming 

Vin 


Writing _ 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ajg~Aj4, and the data to be written is input to pins Do 
~Dy,. Set the CE pin to a “L” level to being writing. 


Program Disable 


| Mie | Vin | 12.5v | 6 


Note 1 : An X indicates either V,, or Vin. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15 W°s/cm?. 
(M37704E2AFS) 


FAST PROGRAMMING ALGORITHM 

To program the M37704E2AXXXFP with fast programming 
algorithm, first set Voc =6V, Vpp=12.5, and set the address 
to “4000,,”. Apply a 1ms write pulse, check that the data 
can be read, and if it cannot be read OK, repeat the proce- 
dure, applying a ims write pulse and checking that the 
data can be read until it can be read OK. Record the 
accumulated number of pulse applied (X) before the data 
can be read OK, and then write the data again, applying a 
further three times this number of pulses (3XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.5V). 


Program operation 
AC ELECTRICAL CHARACTERISTICS (Ta=25+£5°C, Voc=6VX0. 25V, Vpp=12. 540. 3V, unless otherwise noted) 


Symbol Parameter Test conditions 


Pete, Address setup time 


OE setup time 























Data setup time 
Address hold time 
Data hold time 














tas 
tos 
tan 


tee. > I Output enable to output float delay 


Voc setup time 
Vpp setup time 
CE initial program pulse width 
CE over program pulse width 
| toe _| Data valid from OE 
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AC waveforms 





PROGRAM VERIFY 
" as 
ADDRESS | ( P 
Vit 
ViwVou jaa 
DATA OUTPUT 
DATA (| DATA SET ) A VALID = 
“— ie a: 
Ver ie be 


= 
of = ae 


Vit 


Fast programming algorithm flow chart 







ADDR=FIRST LOCATION 


Vec=6.0V 
Vpp=1 2.5V 


X=0 


PROGRAM ONE PULSE OF 1ms 





X=X+1 


YES 








y 


PROGRAM/VERIFY 
ONE BYTE 


PROGRAM PULSE 
OF 3Xms DURATION 


(NCREMENT ADDR)X©Y cast ADDR? 


YES 
Veoc= Vpp= *5.0V 


FAIL {DEVICE 
FAILED 


PASS 


FAIL DEVICE 
FAILED 
PASS 
DEVICE PASSED *4.5V<Voc=Vpr<5.5V_ 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and may 
affect badly the erasure capability (ceramic package 
product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 
(5) The programmable M37704E2AFP that is shipped in 
blank is also provided. For the M37704E2AFP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 

to the flow below before use is recommended. 


Writing with PROM writer 


(Caution) 






Screening 


(Leave at 150°C for 40 hours) 
Verify test with PROM writer 


Caution : Never expose to 150 C exceeding 100 hours. 
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ADDRESSING MODES 

The M37704E2AXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37704E2AXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37704E2AXXXFP writing to PROM order confirmation 
form 

(2) 80P6N mark specification form 

(3) ROM data (EPROM 8 sets) 
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DESCRIPTION 

The M37704E2EXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 
tures of this chip is similar to those of the M37704M2E 
XXXFP except that this chip has 16K-byte PROM built in. 
This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business, and industrial equipment con- 
troller that require high-speed processing of large data. 
Also, the incorporated motor control circuit makes this mi- 
crocomputer suitable for control of equipment that requires 
motor control. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The M37704E2EXXXFP is the wide operating temperature 
range version of the M37704E2AXXXFP. 


DISTINCTIVE FEATURES 
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PIN CONFIGURATION (TOP VIEW) 
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64] +> P8,/CTS,/RTS, 
+> P8./CLK, 


P7o/ANo +* [1] 
P6,/TB2,y +> 
P66/TBI iy + 
P65/TBOw +> [4] 
P6,/INT <> 









P6o/TA4our/RTP13 +> [9] 
P57/TA3y + [10] 
PSg/TA8gyr/RTPI2 +> U1 
PSe/TA2iy/U/RTPy > 
P54/TA2gur/V/RTP Ig +> 
PSa/TATn/W/RTPOs +> [14] 
PS2/TAlour/U/RTPO2 +> [15) 
P54/TAQiy/V/RTPO, +> [16] 
PSo/TAQgur/W/RTPOp +> 










d4xxxacsavoZZewn 









P4,/RDY +> at] +> P25/A9/D3 















































@ Number of basic instructions-:cc rte 103 re ey ae wee 
e@ Memory size =) =1@) \\ eee 16K bytes a w En Z Siw as uigls ages 
PUAN Ae esee atic reset etroeteetanues 512 bytes Boe x eee 
@ Instruction execution time + pean reed 
The fastest instruction at 16 MHz frequency --:--::- 250ns 
e Single power SUD ply ste retetreseaerses Sav eceeeaotees 5V15% Outline 80P6N-A 
@ Low power dissipation (at 16 MHz frequency) , 
ge MeAS De Cousncnwagvuie raed sweaue les eawhowencns cue ae 6O0mW (Typ.) 
@ Wide operating temperature range--::-:-:------ —40~85C 
BinCHpEe oy ee 19 types 7 levels APPLICATION 
@ Muitipie function 16-bit timer <n 5+3 Motor control devices such as inverter type air conditioners 
(Three-phase motor drive waveform or pulse motor and general purpose inverters 
drive waveform can be output.) Control devices for office equipment such as copiers, prin- 
@ UART (may also be synchronous) «rere 9 ters, typewriters, facsimiles, word processors, and personal 
@ 8-bit A-D converter --: 71 tree 8-channel inputs computers 
@ 12-bit watchdog timer 
6: dtecrammnabioinpuueuteeh THE FUNCTIONS AND CHARACTERISTICS 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) sire 68 The M37704E2EXXXFP has the same functions and charac- 
3 teristics as the M37704E2AXXXFP except for the following. 
Refer to the section on the M37704E2AXXXFP. 
=65~150C 
‘NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mi- 
crocomputer. 
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DESCRIPTION 

The M37704E4BXXXFP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 80-pin plastic molded QFP. The fea- 
tures of this chip is similar to those of the M37704 
M4BXXXFP except that this chip has 32K-byte PROM built 
in. 

This single-chip microcomputer has a three instruction 
queue buffers, and two data buffers for high-speed instruc- 
tion execution. The CPU is a 16-bit parallel processor that 
can also be switched to perform 8-bit parallel processing. 
This microcomputer is suitable for office, business, and in- 
dustrial equipment controller that require high-speed pro- 
cessing of large data. 

Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. The M37704E4BFS (25MHz version) with 
erasable ROM that is housed in a windowed ceramic LCC 
is also provided. 

The M37704E4BXXXFP and the M37704E4BFS operate 
only in the single-chip mode. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Com ene werasa reece rerereeeeroscroce 103 
@ Memory size PROM ceerecceeeres ea wiswNeeaae a eereas 32K bytes 
RAM ceccccecccccecceerc estes seeeeees 1024 bytes 

@ Instruction execution time 
The fastest instruction at 25 MHz frequency -:-::::: 160ns 
e Single power supply o biaeel a: Sia chdeherbie. ote aysiasdioialeiarel sess 6 sles wave siave 5V+10% 


@ Low power dissipation (at 25 MHz frequency) 

Gi ciakan cca bGun sae eee s Oaneweshbueteininss «Oia Guarh sas eseheas 95mW (Typ.) 
r Interrupts emcee er reer er es eesrecseerseerereseresees 19 types vi levels 
Multiple function 16-bit timer ---::--\s-777tre S+3 
(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 
UART (may also be synchronous) ladbiwtisweedees¥een noe ie debe 2 
8-bit A-D converter ‘sso errr ttt 8-channel inputs 
12-bit watchdog timer 
Programmable input/output 
(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) ss 68 


PIN CONFIGURATION (TOP VIEW) 
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P7o/ANg +> LU 
P67/TB2iy +> | 2! 
P6¢/TB1 in +> L3] 
P6s/TBOw +> [41 

P69/INT, +> [6 

P62/INT +> 


64] <> P8,/CTS,/RTS, 
63] +> P8;/CLK, 
62] +> P8,/R,D, 
161] > P8,/TxD, 























PG9/TMour/RTP!3 +» La, 
P57/TA3in +> LO) 
P5g/TASqur/ RTPI» + 
P55/TA2in/U/RTPI, +> L12] 
P5g/TA2gy1/V/RTP1y +> 
P5o/TAT w/W/RTPO3 +> [14 
P5a/TAIour/U/RTPO2 +> L15| 
PO4/TAQin/V/RTPO, +> [16] 
P5o/TAQour/W/RTP0g +> 
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Outline 80P6N-A 


APPLICATION 

Control devices for equipment that requires motor control 
such as inverter type air conditioners and general purpose 
inverters 


Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


THE FUNCTIONS AND CHARACTERISTICS 
The M37704E4BXXXFP has the same functions and charac- 
teristics as the M37704M4BXXXFP except that the input 
voltage of pins CNVss and BYTE is 13V when writting to 
PROM. Refer to the section on the M37704M4BXXXFP. 


NOTE 

(1) Do not use the M37704E4BFS for mass production, be- 
cause it is a tool for program development (for 
evaluation). — 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 
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M37704E4BXXXFP BLOCK DIAGRAM Reference Bus width 





Clock input Clock output Enable output Reset input (5V) ia (OV) (OV) (5V) voltage input selection input 
Xin Xourt E RESET Veco CNVss AVss i Veer. BYTE 
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Timer TA4(16) 
Taner TT 
PROM RAM Timer TA2(16) Timer TB2(16) 
32K Bytes 1024 Bytes Timer TA1(16) | | Timer TB1(16) 
Timer TAO(16)] [ Timer TBO(16) UARTO(9) 
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FUNCTIONS OF M37704E4BXXXFP 


( 













Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
Cn 










Memory size 


PO~P2, P4~P8 8 -bitX 8 
Input/Output ports 

TAO, TA1, TA2, TA3, TA4 16-bitX 5 
Multi-function timers 


3 external types, 16 internal types 
Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
5 V+10% 
Power dissipation 95mW(at external clock 25MHz frequency) 


5 
Package 


Interrupts 


Clock generating circuit 





Supply voltage 





Input/Output characteristic 






M37704E4BFS 80-pin ceramic LCC (with a window) 
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PIN DESCRIPTION (NORMAL MODE) 


Name Input/Output Functions 


Power supply Supply 5 V+10% to Vcc and 0 V to Vss. 


CNVszg input Input Connect to Vss. 


Reset input Input To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





Clock input Input These are 1/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xiy and Xour. When an external clock is used, the clock source should be connected to the Xjy pin 
Clock output Output and the Xour pin should be left open. 





ane Oe 





E Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 


BYTE Bus width selection input Connect to Vss. 


Analog supply input Power supply for the A-D converter. Connect AVcc to Voc and AVsgsg to Vgg externally. 


Reference voltage input Input This is reference voitage input pin for the A-D converter. 


1/O port PO Port PO becomes an 8-bit I/O port. An 1/O direction register is available so that each pin can be program- 
med for input or output. These ports are in input mode when reset. 


1/O port P41 1/0 These pins have the same functions as port PO. 


1/O port P2 These pins have the same functions as port PO. 




















1/O port P3 These pins have the same functions as port PO. 








1/O port P4 These pins have the same functions as port PO. Port P42. can be programmed for ¢, output pin divided the 
clock to Xin pin by 2. 


1/O port P5 In addition to having the same functions as port PO, these pins also function as I/O pins for timer AO, timer 
Ai, timer A2, and timer A3. P59 to P5g also have the function as motor control output pins. 


I/O port P6 In addition to having the same functions as port PO, these pins also function as I/O pins for timer A4, exter- 
nal interrupt input INTp, INT;, and INT2 pins, and input pins for timer BO, timer B1, and timer B2. P69 also 
has the function as motor control output pin and P62 as motor control pin. 


1/O port P7 In addition to having the same functions as port PO, these pins also function as analog input ANo to AN; in- 
put pins. P77 also has an A-D conversion trigger input function. 








1/O port P8 In addition to having the same functions as port PO, these pins also function as RxD, TxD, CLK, CTS/RTS 
pins for UART 0 and UART 1. 
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(EPROM MODE) 


Supply 5 V+10% to Vcc and 0 V to Vgs. | 


Connect a ceramic resonator between X;y and Xour. 


Voc; Vss Power supply 


CNVsg Vpp input 


BYTE Vpp input 





RESET Reset input 







Xin Clock input 


Xout 


Clock output 


Enable output Keep open. 





AVcc, AVss_ | Analog supply input Connect AVcc to Voc and AVssg to Vsgs. 


Reference voltage input Input Connect to Vgs. 


PO o~ P07 Address input (Ag~A7) Input 


Vrer 











Port PO functions as the lower 8 bits address input (Ap~Ar). 


P19~Pt7 Address input (Ag~Aj5) Port P1 functions as the higher 8 bits address input (Ag~Aj5). In 256K mode, connect P17 to Vcc. 


P29>~P27 Data I/O (Do~D7) /O Port P2 functions as the 8 bits data bus (Do~Dr). 


P39~P33 Input port P3 Connect to Vgs. 


Input port P4 input | Connect to Vgs. 


P49~ P4, 








P59~P57 Control input P5o*,P5, and P5. functions as PGM*, OE and CE input pin respectively. 
Connect P53, P54, and P55 to Vcc. Connect P5g to Vsg in 256K mode and to Vcc in 1M mode. Connect P57 to 


Vss. 


P69~ P67 


P79~P77 Input port P7 Connect to Vss. 


Input port P6 Connect to Vgs. 





P&)~ P. 


(2) 
“I 


Input port Pg inp 


8 ut Connect to Vss 





* : It is available in 1M mode. 
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EPROM MODE 

The M37704E4BXXXFP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 shows the correspondence between pins and Fig. 1 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5g is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5,, P5., 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 





Table 1 Pin function in EPROM mode 


| 37704E4BxxxrP | M5M27C256K | M5M27C101K 
Vv Vec 
V 


i ee 
- 
Ve 
Was 
. * 
E 
54 
















Ao~Ar4 

Do 
a a 
a ee 
| PGM_ | PB 


* : In 256K mode, connect P17 and P59 to Vcc. 


“ 


Ao~Ais 





PGM 





the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 0000,5.~ 7FFFi, in 256K mode, and 
address 18000,,~1F FFF, in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xjy pin and Xourz pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 

For EPROM version can be written to or read from repe- 
atedly, so that 1M mode should be recommended to write 
faster. 
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P7o/ANo ** 
P67/TB2n + L2. 
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P8,/CTS,/RTS, 
163] +> P8;/CLK, 


P66/TBiin + 62] +> P8&,_/RxD, 
P6;/TBOw ++ 4 61] +> P8,/T,D, 
Equivalent P6,/INT, + 60] +> PQ) ———__—______—- 
to the P63/INT, + [6 53] > PO, 
M5M27C 256K P62/INTo ++ 58] +> PO, 
O P6,/TA4n + [8] z= +> PO, 
‘ i P69/TA4gur/RTP13 + [3] rr} > PO, 
Lane P5,/TAS ny + [10 x 55] +> PO, 
_ 9 P5¢/TASour/RTP12 + Lt s4] <> PO, ——_—_@®) 
ee a P55/TA2\y/U/RTP1, in 53] +> PO, eaceient 
McKie eroik — P5,/TA2our/V/RTP1o + = Ply =e q 
P5,/TA1 n/W/RTPO, + [4 x Bi] + Pt, to the 
Equivalent CEX— P52/TM out/U/RTPO, ++ [5 x< 50] +> P1, M5M27C256K 
to the ) GE—— P5,/ TAD /V/RTPO, + [ie a fg] ++ P1, ——————@ 
M5M27C256K O P59/TAQout/W/RTPO, + 0 aa] <> P14, ———————@ |_ 4 
pa, + [ia + Pts 
ecw) P4, +> 6] +> P1, 
Equivalent P4, +> as}<+ P1, O 
to the PA, +> a) 29 og) Equivalent 
M5M27C101K P4, + + P2, tothe 
P4./6, +> nid aaamcmamamnoaer M5M27C101K 
P4,+ ++ P2, 





* ° Connect to ceramic oscillation circuit. 
C > : Itis used in the EPROM mode. 


Outline 80P6N-A 





Fig. 1 


Pin connection in EPROM mode 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading a 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ag~Aj;5) to be read, and the 
data will be output to the I/O pins D»~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ap~Aj;5, and the data to be 
written is input to pins Dp~D7. Set the PGM pin to “L” level 
to being writing. 





Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W-s/cm’. 





Writing operation 

To program the M37704E4BXXXFP, first set Vcc=6V, Vpp= 
12.5V, and set the address to 18000;,. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V( or Vec=Vpp=5.5V). 


Table 2 1/O signal in each mode 


sv | Floating 


Floating 
Note 1 : An X indicates either V, or Vix. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Tq=25£5C, Vcc=6V£0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 








Parameter 


Symbol 


OE setup time 


Test conditions 


Limits 
Typ. 


Unit 


Rik 
| 











hte... Address hold time 















tas 
tos Data setup time 
taH 

Pw 








ton Data hold time 


ad 
nm} o 


RR 
On 


:S 


oO 
=a 
O};P]} PR Nh NO; RO] PR 
oO 
Ph 


de 
i) 
oO 


ND w 
= Oo 
R Rg 
an o 


ee 
” 


150 
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AC waveforms 













PROGRAM VERIFY 
Vin 
Vie 
Vin/Vor — 
a ec 
Vep ized 
Voc pas 
Vec#1 
Vec 
_ Vin 
CE 
; Pad 
Vin i 
PGM 
Sf A a ee | 
se ™ 
OE OPW 
Vie 
Test conditions for A.C. characteristics 
| ‘ ne Input voltage : V\.=0.45V, V,,=2.4V 
Programming algorithm flow chart . : zs 
Input rise and fall times (10%~90%) : <20ns 
Reference voltage at timing measurement : Input, Output 
“L"=0.8V, “H’=2V 
Vec=6.0V 
Vpp=12.5V 
X=X+1 
<> YES 
FAIL DEVICE 
FAILED 
PASS 
PROGRAM PULSE OF 
0.2Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR? 
YES 
Voc™=Vep= *5.0V 
VERIFY FAIL DEVICE 
ALL BYTE FAILED 
PASS 
‘DEVICE PASSED *4.5V <Voc=Vpp<5.5V 
ores ae | 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading a 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ap~Aj;,4) to be read, and the 
data will be output to the I/O pins Dgo~ D7. The data |/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing — 

To write to the EPROM, set the OE pin to “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ap~Aj4, and the data to be written is input to pins Do 
~D,. Set the CE pin to “L” level to being writing. 


Erasing 

To erase data on this chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W:-s/cm’?. 


Writing operation 

To program the M37704E4BXXXFP, first set Voc =6V, Vpp= 
12.5V, and set the address to “0”. Apply the 1ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying the 1ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (X) before the data can be read OK, and then write 
the data again, applying a further three times this number 
of pulses (3XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V( or Vec=Vpp=5.5V). 


Table 3 I/O signal in each mode 


Programming 

Verify 

Program Disable} Vin 
Note 1: 





An X indicates either Vi, or Vin. 


Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Voc=6V40. 25V, Vpp=12. 5£0. 3V, unless otherwise noted) 


ton [Datanoidime SS 


tore | Output enable to ouput fost delay 


Test conditions 





| toe _| Data valid from OE 
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AC waveforms 


PROGRAM VERIFY 

Ve Pee tei ee 
Vic 

Vin/V 

Leon — } DATA OUTPUT | . 

DATA ( DATA SET N (| ecb N 

_ se aa 
Ven pal ae 

Voc 

Vect1 fae 


Voc 
Voc 
Vin 
oe toe 
Vin ie ee 
OED 7 | 


Programming algorithm flow chart 





ADDR=FIRST LOCATION 


PROGRAM ONE PULSE OF 1ms 
X=X+1 


<> YES 


PROGRAM/VERIFY FAIL DEVICE 
ONE BYTE FAILED 
PASS PASS 
PROGRAM PULSE 
OF 3Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR.? 
YES 
Voc=Vpp= *5.0V 


VERIFY FAIL DEVICE 
PASS 


DEVICE PASSED *4.5V<Voc=Vpp< 5.5V 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal or 
other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and may 
affect badly the erasure capability (ceramic package 
product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 

(5) The programmable M37704E4BFP that is shipped in 
blank is also provided. For the M37704E4BFP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 
to the flow below before use is recommended. 


Writing with PROM writer 


(Caution) 





Screening 








(Leave at 150°C for 40 hours) 


Verify test with PROM writer 


[oc os faves, eee ee pt eS Cee baa ee Oe 
] Function check in target device | 
Ls a in EP Sa ae bead as Mave Oe Se SSeS _ 
Caution : Never expose to 150 ‘C exceeding 100 hours. 


ADDRESSING MODES 

The M37704E4BXXXFP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37704E4BXXXFP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 
Please send the following data for writing to PROM. 

(1) M37704E4BXXXFP writing to PROM order confirmation 
form 

80P6N mark specification form 

ROM data (EPROM 8 sets) 


—" 
~~ & 
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M37705 GROUP PROM VERSION 

The M37705 group has the PROM version which can be writ- 
ten into the internal PROM corresponding to the mask ROM 
version. 

There are two types for PROM version : 


@One time PROM version which can be written once 
@EPROM version which can be written and erased repeat- 
edly 


The PROM version has the same functions as the mask ROM 
version except for a built-in PROM. Additionally, it has the 
EPROM mode for writing into the internal PROM. 

General purpose PROM writer can be used for writing, so that 
the PROM version is suitable for a small quantity and various 
production. 


FEATURES 

@Available one time PROM version and windowed EPROM 
version 

@Choice of 16MHz, and 25MHz versions as external clock 
input frequency 

@Choice of wide operating temperature range version (“E” 
version) 

@Choice of two types as EPROM mode with the M37705E4 
*256K mode ............. equivalent to EPROM MS5M27C256K 
°1M mode................. equivalent to EPROM M5M27C101K 
%* The M37705E2 is fixed to 256K mode. 






Expansion of M37705 group PROM version 

ROM |Group name | Memory size |FrequencysTemp.| Package 
identification [RAM] A|B|E | | 

one 16K | 512 rel) 

Time 

a Seeed 


M37705E2 | 16K 
Note 


@ : NOW 

















Note 1. Do not use the windowed EPROM version for mass 
production, because it is a tool for program develop- 
ment (for evaluation). 

2. Supply voltage of the wide operating temperature 
range’s one time PROM version with M37705E2 is 
4.75V—5.25V. 

3. The external clock input frequency 25MHz version oper- 
ates only in the single-chip mode. 

4. The Windowed EPROM version of the external clock 
input frequency 25MHz is not available. Accordingly, 
use the M37704E4BFS + the pitch converter PCA4978. 
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DESCRIPTION 

The M37705E2AXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
The features of this chip is similar to those of the 
M37705M2AXXXSP except that this chip has a 16K-byte 
PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The M37705E2ASS (16MHz version) with erasable ROM 
that is housed in a windowed ceramic DIP is also provided. 


SE FEATURES 


Number of basic instructions 6 biel Biased 1 eieie ow fae e, site\ov'erenielace aie! sicvele se 103 

@ Memory size PROM Beceem ewe rarccerscressvons 16K bytes 
RAM Se ee 51 2 bytes 

@® Instruction execution time 

The fastest instruction at 16 MHz frequency -:::--:: 250ns 
e Single power supply eidare wiapinaicetistaatesadea seepectaee teres sae 5V+10% 
@ Low power dissipation (at 16 MHz frequency) 

siig castn WG wid taie Wie iede eatada cha x ateseud wuaiiaisinve is Rislerw aigsaein cave ween a aie 6O0mW (Typ.) 
@ Interrupts Miceieseseheceyecaqetevee-srelele's wee ita eialol scene sce.b'o.0 00 ble'e'e els 16 types 7 levels 
@ Multiple function 16-bit timers: 5+3 

(Three-phase motor drive waveform or pulse motor 

drive waveform can be output.) 
e@ UART eT Co EE aE Re ee ee a ee ei ee 1 
@ 8-bit A-D converter «17-1 1t rrr 8-channel inputs 
@® 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8)-- 7 53 
APPLICATION 


Motor control devices such as inverter type air conditioners 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 


THE FUNCTIONS AND CHARACTERISTICS 
The M37705E2AXXXSP has the same functions and charac- 
teristics as the M37705M2AXXXSP except that input vol- 
tage of pins CNVsg and BYTE is 13V when writting in 
EPROM. Refer to the section on the M37705M2AXXXSP. 





PIN CONFIGURATION (TOP VIEW) 


64] + P77/AN7/ADrtag 
AVss 
+ Vrer 
AVcc 
Voc 
++ P8,_/RxD, 
+> P8,/TxD, 
+> P0/Ao 
+> P0,/A, 
+> P0./Az 
+> P03/A3 
+> P04/A, 
+> P0s/As 
+> P0¢/Ag 
+> P07/A; 
++ P1)/As/Dg 
++ P1,/A9/Do 
+> P10/Ai9/Dio 
+> P13/A,;/Di; 
+ P14/Aj2/Dy2 
+ P15/A13/Di3 
+> P16/Ay4/Di4 
++ P17/A45/Di5 
+> P2)/Ai¢6/Do 
+> P2,/A17/D, 
++ P2>/A438/D2 
+> P23/A19/D3 
++ P2,/Ao9/Da 
++ P2./Ao,/Ds 
+> P2.¢/Ao22/De 
++ P2,/Ao3/D7 
++ P3,/R/W 


P7,/ANg 
P7;/AN; 
P7,/AN, 
P73/AN3 + 
P7,/AN2 
P7,/AN, 
P7o/ANo 
P6,6/TB1 ny 
P65/TBOy 
P63/INT, 
P6/INTo 
Pig/TA4gur/RTPI3 > 
P5¢/TA3qyr/RTP12 > 
P5e/TA2iy/U/RTP1, +> 
P54/TA2gyr/W/RTP1g > 
P55/TAtiy/W/RTPO, +> 
P55/TAI gur/U/RTP0, +> 
P5,/TAliy/V/RTPO, <> 

P5q/TAQut/W/RTP0y +> 


dSXXXVCASOLZEW 


P4,/¢, + 
P4,/RDY +> 
P4,/HOLD «+ 
BYTE — 
CNVss 


P3./ALE + 
P3,/BHE +> 





Outline 64P4B(one time programmable) 
64S1B-E (with a window) 


NOTE | : 

(1) Do not use the M37705E2ASS for mass production, be- 
cause this is a tool for program development (for 
evaluation). 

(2) Refer to “Chapter 5 PRECAUTIONS” when using this 
microcomputer. 


The M37705E2AXXXSP and M377/705E2ASS satisfy the 


timing requirements and the switching characteristics of 
the former M37705E2-XXXSP and M37705E2SS. 
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FUNCTIONS OF M37705E2AXXXFP 










Instruction execution time 250ns (the fastest instruction at external clock 16MHz frequency) 





| PROM BK tes 

Memory size 

peuouisuteate Oe ee 0 ee ep ee 
re 
RBS ce eae eee cee neta eh ee! 





Multi-function timers 
2 external types, 14 internal types 
memos aaracate ste y e =7) 
7 
Input/Output characteristic 


ssh 64-pin shrink plastic molded DIP 
ackage 
: 64-pin shrink ceramic DIP (with a window) 
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PIN DESCRIPTION 


Vcc, Power supply 
Vss 
N | 











Input/Output 


Functions : 


Supply 5 V+10% to Vcc and 0 V to Vgs. 


This pin controls the processor mode. Connect to Vgg for single-chip mode. 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 










a | =_ 

xX Clock input 

Xout Clock output 
FE Enable output 

| BYTE Bus width selection input 
AVcc; Analog supply input 
AVss 


Vrer Reference voltage input 





=e) 
m 
” 
m 
+ 


These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xiy and Xour. When an external clock is used, the clock source should be connected to the Xin pin 
and the Xour pin should be left open. . 


Data or instruction read and data write are performed when output from this pin is “L”. 


In memory expansion mode or microprocessor mode, this pin determines whether the external data bus is 
8-bit width or 16-bit width. The width is 16 bits when “L” signal inputs and 8 bits when “H” signal inputs. 





Power supply for the A-D converter. Connect AVcc to Vcc and AVsgg to Vss externally. 





This is reference voltage input pin for the A-D converter. 





POQ9~P07 I/O port PO 1/0 In single-chip mode, port PO becomes an 8-bit I/O port. An I/O directional register is available so that each 


pin can be programmed for input or output. These ports are in input mode when reset . 
Plo~P17 1/O port P41 1/O 


Address(A7~Ag)is output in memory expansion mode or microprocessor mode. 
P2o9~P27 1/O port P2 1/O 
P39~P32 1/O port P3 


P4p~P4o, 1/O port P4 













In single-chip mode, these pins have the same functions as port PO. When the BYTE pin is set to “L” in 
memory expansion mode or microprocessor mode and external data bus is 16-bit width, high-order data 
(Dys~Dg)is input or output when E output is “L” and an address (Ajs~Ag) is output when E output is “H”. 

If the BYTE pin is “H” that is an external data bus is 8-bit width, only address(A;5~Ag)is output. 






In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode low-order data(D7~Dg) is input or output when E output is “L” and an address(Az3~Ajg)is 
output when E output is “H”. 








In single-chip mode , these pins have the same functions as port PO. In memory expansion mode or mic- 
roprocessor mode, R/W, BHE, and ALE signals are output. 

























In single-chip mode, these pins have the same functions as port PO. In memory expansion mode or microp- 
rocessor mode, P4) and P4, become HOLD and RDY input pin respectively. Functions of other pins are the 
same as in single-chip mode. in single-chip mode or memory expansion mode, port P42 can be program- 
med for ¢; output pin divided the clock to X\y pin by 2. In microprocessor mode, P42 always has the fanc- 
tion as ¢; output pin. 





P5o~P5¢ I/O port P5 1/0 In addition to having the same functions as port PO in single-chip mode, these pins also function as |/O 
pins for timer AO, timer A1, timer A2, and output pin for timer A3. These pins also have the function as motor 


control output pin. 









P60, P62, 
P63, P6s, 
P65 


1/O port P6 In addition to having the same functions as port PO in single-chip mode, these pins also function as output 
pins for timer A4, and input pins for external interrupt input INTg and INT, pins, and for timer BO and timer 


Bi, PG, also has the function as motor control output pin and P62 has the function as motor control pin. 


















I/O port P7 In addition to having the same functions as port PO in single-chip mode, these pins also function as analog 


input ANo~AN7 input pins. P77 also has an A-D conversion trigger input function. 





1/O port P8& 1/0 in addition to having the same functions as port PO in single-chip mode, these pins also function as RxD 


and TxD pins for UART 1. 
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PIN DESCRIPTION (EPROM MODE) 


AVcc, AVss 


VReEF 


BYTE 
RESET 
XIN 


PQ o~ PO; 


P1o~P17 


P29~P27 


P30~ P3. 


P4o~ P4>, P4, 


P5o~ P56 


P6o, P62, P63, 


P65, P65 


P7)~P77 


P8., P87 





Power supply 

Vpp input 

Vpp input 

Reset input 

Clock input 

Clock output 
Enable output 
A-D power supply 


Reference voltage input 


Address input (Ag~Aj4) 
Data |/O (Do~D7) 
Input port P3 

Input port P4 


Control signal input 





Input port P6 


Input port P7 
Input port P8 


Input/Output 


input 


Input 


Functions 





Supply 5V+10% to Vcc and 0 V to Vss. 





Connect to Vpp when programming or verifing. 


Connect to Vpp when programming or verifing. 


Connect to Vss. 





Input 
Input 
Address input (Ag~A7) 


Input 


1/0 








Connect a ceramic resonator between Xiy and Xour. 


Keep open. 








Connect AVcc to Vec and AVszg to Vgs. 





Connect to Vss. 





Port PO functions as the tower 8 bits address input (Ap~A7). 





Port P1p~P1g functions as the higher 7 bits address input (Ag~Aj4). Connect P17 to Vcc. 








Port P2 functions as the 8 bits data bus (Do~D7). 


Connect to Vsgs. 





Connect to Vss. 





P5, and P5» functions as OE and CE input pin. 
Connect P59, P53, P54 and P55 to Vcc. Connect P5¢ to Vss. 


Connect to Vgs. 








Connect to Vgs. 


Connect to Vsgg. 
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EPROM MODE 

The M37705E2AXXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 list the correspondence between pins and Fig. 1 gives 
the pin connections in the EPROM mode. 

When in the EPROM mode, ports PO, P1, P2, P5,;, P55, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K). When in this mode, the built-in PROM 
can be written to or read from using these pins in the same 
way as with the M5M27C256K. 

This chip does not have Device Identifer Mode, so that set 
the corresponding program algorithm. The program area 
should specify address 4000,,~ 7FFF,, for the M37705E2A 
XXXSP. 


P7,/ANg +> L1 

P7;/AN; + 

P7,/AN, ++ [3, 
P73/AN, ++ [4] - 
P7>/AN> +> 
P7,/AN, ++[6] 
P7>/ANo + 
P6¢/TB1in + [B] 
P6s/TBO + [9] 
P63/INT, ++ [id 
P62/INTo +> 
P69/TA4our/RTP13 +* 
P56/TA3our/RTP12 > 
P5s5/TA2\n/U/RTP1, + [14 
P5,/TA2out/V/RTP 10 + 
P53/TA1)n/W/RTPO3 + [16} 
CCE)— P55/TA1 9yr/U/RTPO2 
CE)D—— P5,/TA0n/V/RTPO, + [18) 
P5o/TAQgut/W/RTPO0p ++ L19 
P4,+> 
P4./¢ +> 
P4,/RDY + 
P4)/HOLD + 


P3./ALE + 
P3,/BHE + 


Fig. 1 Pin connection in EPROM programming mode 


dSXXXVZASOLZEW 
| ®) 


@ 





ss) 
Outline 64P4B 





Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xjy pin and Xoyrz pin. 


Table 1 Pin function in EPROM programming mode 


|__| M37705E2AxxxsP M5M27G256K 
Vo 
v 


CNVss, BYTE 
Vss 










Foe Ne 
SS a a 
a 






164] +> P77/AN7/AD Ro 
AVss 
+ Vrer 
ce el 
Voc 
+> P8,_/RxD, 
+> P87/T,D, 
+> P0o/Ag 
+> P0,/A, 
+> P02/A2 
+> P03/A3 
+> P04/A, 
+> P05/As 
++ P0¢/Ag ———— 
+> P07/A7 
+> P1,/As/Ds 
+> P1,;/Ag/Dg 
+ P15/Aj0/Dio 
> P13/Aq1/D44 
+ P14/A42/Dy2 — 
+ P15/A;3/Di3 
> P16/Ay4/D 44 ——————— 
+ P17/A15/Di5 
++ P2o/Ai6/Do 
+> P2,/A17/D; 
+> P22/A13/Do 
+ P23/Ai9/D3 
+> P24/Ao0/Dy 
+> P25/Ao,/Ds5 
++ P2.6/Ao2/Dg 
++ P2;/A23/D7 
+> P3o/R/W 


IMI 


N 


@) 


mnt 


| 





* © Connect to ceramic oscillation circuit. 
Cc) : Same functions as MS5M27C256K. 
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FUNCTION IN EPROM MODE 

Reading a 

To read the EPROM, set the CE and OE pins to a “L” level. 
Input the address of the data (Ay~A,,) to be read and the 
data will be output to the I/O pins Dg~D,7. The data I/O 
pins will be floating when either the CE or OE pins are in 


the “H” state. 


Writing _ 

To write to the PROM, set the OE pin to a “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ayg~ A;4, and the data to be written is input to pins Do 
~Dy. Set the CE pin to a “L” level to being writing. 


Erasing 

To erase data on the chip, use an ultraviolet light source 
with a 2537 Angstrom wave length. The minimum radiation 
power necessary for erasing is 15W °* s/cmi. 

(M37705E2ASS) 


FAST PROGRAMMING ALGORITHM 

To program the M37705E2AXXXSP with fast programming 
algorithm, first set Vec=6V, Vpp=12.5, and set the address 
to “4000,,”. Apply a ims write pulse, check that the data 
can be read, and if it cannot be read OK, repeat the proce- 
dure, applying a 1ms write pulse and checking that the 
data can be read until it can be read OK. Record the 
accumulated number of pulse applied (N) before the data 
can be read OK, and then write the data again, applying a 
further three times this number of pulses (3XN ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc=Vpp=5V (or Voc=Vpp=5.5V). 


Program operation 


Table 2 I/O signal in each mode 


CE V 
Vin 5 
Vin * 
Ving . 









Data |/O 


Floating 


Floating 


V | Output | 


Floating 








Read-out 
Output 


| Vn | Ma 

Mie Vin | 
Disable he Vie 
Programming el 


12. 5V 


[oe 
v av 
v | Sv | 
v | 5v | 

6 


a 
| Vin | 
Programming vi | 


Verify 
Program Disable 


Note 1: 





Vin 
X 
Vin 
Vie 
6V 


An X indicates either Vi. or Viy. 





AC ELECTRICAL CHARACTERISTICS (Ta=25+5C, Vec=6V£0. 25V, Vpp=12. 50. 3V, unless otherwise noted) 


Address setup time 





Output enable to output float delay 
Vcc setup time 


Vpp setup time 

CE initial program pulse width 
CE over program pulse width 
Pte. | Data valid from OE 





Test conditions 
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AC waveforms 


PROGRAM VERIFY 





Vin. 


ADDRESS a, 
Mit 


tas 
Vin/Vou jal 


. | DATA OUTPUT 
DATA & DATA SET zi VALID » 


b 


tay 








Vit/Vor ; teal 





Oo 
m 
< < 
= = 
fal 
m 


Vir 


Fast programming algorithm flow chart 







ADDR=FIRST LOCATION 






Voec=6.0V 
Vpp=1 2.5V 


PROGRAM ONE PULSE OF ims 
X=X+1 | 
<Ka2> YES | 
PROGRAM/VERIFY FAIL [DEVICE 


PASS 
PROGRAM PULSE 
OF 3Xms DURATION 


INCREMENT ADDRYNOL LAST ADDR? 


YES 


Voc™= Vpp= ” 5.0V 
FAIL DEVICE 
; FAILED 


PASS 


DEVICE PASSED *4. 5V <Voc=Vpp<5. 5V 
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SAFETY INSTRUCTIONS 

(1) Sunlight and fluorescent lamp contain light that can 
erase written information. When using in read mode, be 
sure to cover the transparent glass portion with a seal 
or other materials (ceramic package product). 

(2) Mitsubishi Electric corp. provides the seal for covering 
the transparent glass. Take care that the seal does not 
touch the read pins (ceramic package product). 

(3) Clean the transparent glass before erasing. Fingers’ fat 
and paste disturb the passage of ultraviolet rays and 
may affect badly the erasure capability (ceramic pack- 
age product). 

(4) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power 
on. 

(5) The programmable M37705E2ASP that is shipped in 
blank is also provided. For the M37705E2ASP, Mitsu- 
bishi Electric corp. does not perform PROM write test 
and screening following the assembly processes. To 
improve reliability after write, performing write and test 
according to the flow below before use is recom- 
mended. 


Writing with PROM writer 


(Caution) 






Screening 





(Leave at 150C’ for 40 hours) 


Verify test with EPROM writer 


w~ [a mee 86eesE ae a eT gmap =e Gee 42 aaa ~~ 
| Function check in target device i 
L_ amnw Gaweam=wea=pTP awe ae SP eee ee ee EP oD J 
Caution : Never expose to 150 ‘C exceeding 100 hours. 


ADDRESSING MODES 

The M37705E2AXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37705E2AXXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37705E2AXXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form 

(3) ROM data (EPROM 8 sets) 
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DESCRIPTION 

The M37705E2EXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
The features of this chip is similar to those of the 
M37705M2EXXXSP except that this chip has a 16K-byte 
PROM built in. 

This single-chip microcomputer has a large 16M bytes 
address space, three instruction queue buffers, and two 
data buffers for high-speed instruction execution. The CPU 
is a 16-bit parallel processor that can also be switched to 
perform 8-bit parallel processing. This microcomputer is 
suitable for office, business and industrial equipment con- 
troller that require high-speed processing of large data. 
Also, the incorporated motor control circuit makes this mic- 
rocomputer suitable for control of equipment that requires 
motor control. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. | 
The M37705E2EXXXSP is the wide operating temperature 
range version of the M37705E2AXXXSP. 


DISTINCTIVE FEATURES 


e@ Number of basic instructions Peer e rere errne reece nessereresseese 103 
@ Memory size PROM -:::*: Raabe eoae dalek Sais ty iis 16K bytes 
RAM cecccccccectcteeeese tec eeesteerees 512 bytes 

@ Instruction execution time 

The fastest instruction at 16 MHz frequency -::::::: 250ns 
e Single DOWEP SUPPlysrrerseeee settee teeters 5V+5% 
@ Low power dissipation (at 16 MHz frequency) 

araieseval aoa. \e ele ie aila(e a) doe acd: braia-b Winery Maas oo ereialeialeiels to si ayes Selpie winee-e cusses 60mW (Typ.) 
@ Wide operating temperature range::::::-::-:::: —40~85C 
& Interrupts na ebigie dea NGS ER asinine wala ciniataig bat bin opnls Bominlace 416 types 7 levels 
@ Multiple function 16-bit timer soccer: 5+3 

(Three-phase motor drive waveform or pulse motor 

drive waveform can be output.) 
@ UART ec eseeceee Se Pee aeey Pe eens nets ewe ner wens verte Peewee cose 1 
@ 8-bit A-D converter: terete teers 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) <r 53 
APPLICATION 


Motor control devices such as inverter type air conditioners 
and general purpose inverters 
Control devices for office equipment such as copiers, prin- 


ters, typewriters, facsimiles, word processors, and personal 


computers | 





PIN CONFIGURATION (TOP VIEW) 







P7./ANg + LL 
P7;/ANs +> 
P7,/AN, +> 
P7,/AN, + L4| 
P7./AN2 +> 
P7,/AN, ++ 6! 


64] ++ P7,/AN7/ADrna 




































59} +> P8./RxD, 
58] +> P87/T,D, 
+> P0o/Ag 


















P63/INT, +> 55] <> P0Q2/A2 
P6,/INT; +> + P03/Ag 









P6q/TA4ou7/RTPI3 +> + P0,/A, 








P5g/TA8qyr/RTP1o > +> P0s/As 
P5g/TA2)y/U/RTP1, +> 51} +> PO6/Ag 





P5q/TA2our/W/RTPI +> 
P5q/TATin/W/RTPO3 +> 
P5o/TAT our/U/RTPO, +> 
P5y/TATy/V/RTPO, +> 
P5o/TA0gur/W/RTPOy +> 





50] +> PO7/A7 

49] +> P1o/As/Ds 
48] +> P1,/Ag/Dg 
+> P15/Ai0/Dio 
+ P15/A;;/Di4 
+> P14/A;0/Dy0 
44} > P15/Ai3/Dy3 
> P16/A;4/Dy4 
+> P17/Ai5/Dis5 
41] > P25/Ai¢/Do 








dSXXXAcASOLZEW 






































CNVsg +> P2,/Ai7/D; 
RESET > ++ P2,/Ai3/Do 
Xin +> P23/A19/D3 
Xout +> P2,/A20/D,4 
Ee +> P2;/Ao,/Ds 







+> P26/Ao0/De 
+> P27/Ao3/D7 
+> P3,/R/W 






P32/ALE «> 
P3,/BHE «> 


THE FUNCTIONS AND CHARACTERISTICS 
The M37705E2EXXXSP has the same functions and charac- 
teristics as the M37705E2AXXXSP except for the following. 
Refer to the section on the M37705E2AXXXSP. 


5V+5% 






—40~85°C 
—65~150C 
Max. +3LSB 


NOTE . 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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DESCRIPTION 

The M37705E4BXXXSP is a single-chip microcomputer de- 
signed with high-performance CMOS silicon gate technolo- 
gy. This is housed in a 64-pin shrink plastic molded DIP. 
The features of this chip is similar to those of the 
M37705M4BXXXSP except that this chip has a 16K-byte 
PROM built in. 

This single-chip microcomputer has three instruction queue 
buffers, and two data buffers for high-speed instruction ex- 
ecution. The CPU is a 16-bit parallel processor that can 
also be switched to perform 8-bit parallel processing. This 
microcomputer is suitable for office, business and industrial 
equipment controller that require high-speed processing of 
large data. 

Also, the incorporated motor control circuit makes this mi- 
crocomputer suitable for control of equipment that requires 
motor control. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The M37705E4BXXXSP operates only in the single-chip 
mode. 


DISTINCTIVE FEATURES 


@ Number of basic instructions Serre rrer errr ere Sree ee ere 103 
@ Memory size PROM crccectccetccteeeeteee sete eeees 32K bytes 
RAM ceccccccctccceeeersseeeeteeenees 1024 bytes 
@ Instruction execution time 
The fastest instruction at 25 MHz frequency ::-::::: 160ns 
e Single power supply eOeTeTeTeTere rere rere Terre ere ery rere 5V+10% 
@ Low power dissipation (at 25 MHz frequency) 
aj6.B ace. 4:06) Slacecelojene Sisiaiecese nigra Nea Repesate vateeeenemmecnt 95mW (Typ. ) 
@ Interrupts emer e mercer rear raerrace cere essevereesees 16 Pee 7 levels 
2 Multiple function 16-bit timer oocccss eee eee eee 5+3 


(Three-phase motor drive waveform or pulse motor 
drive waveform can be output.) 


@ UART TOrTrrrrrerrerrrrerr errr se er reer rere eee ee eee eee eee ee re ee 1 
@ 8-bit A-D converters: rrrrrrrreertee reer 8-channel inputs 
@ 12-bit watchdog timer 
@ Programmable input/output 

(ports PO, P1, P2, P3, P4, P5, P6, P7, P8) ss 53 
APPLICATION 


Motor control devices such as inverter type air eongionels 
and general purpose inverters 

Control devices for office equipment such as copiers, prin- 
ters, typewriters, facsimiles, word processors, and personal 
computers 
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PIN CONFIGURATION (TOP VIEW) 


P7,/AN, 64] +> P77/AN7/ADrRe 
P7;/ANs + AVss 
















P74/AN, — Vrer 
P73/AN3 4] AVocc 
P72/ANo 5 | Voc 


P7,/AN, +> 16] 
P7o/ANo 
P6_/TB1in > L8, 
P6;/TBOw, + [9 
P63/INT, ++ [10] 
P6./INT, + [11 
P6o/TA4gur/RTPI 5 +> 
PS6/TASqur/RTP1» +> 
P5¢/TA2n/U/RTP1, <> [14] 
P§4/TA2gut/W/RTPIg + 
P55/TA1 in/W/RTPOs +> [16 
P5o/TAI oyy/U/RTPO> +> 
P5,/TAly/V/RTPO, +> [18] 
P5o/TA0gu/W/RTP0y <> [19 





dSXXXdvasoZZewn 
S| 
t 
z 


P4, +» + PI, 
P4./¢, > 44} +> P1, 
P4, - > Pt, 
Py + + PI, 
BYTE — > P2 
CNVsg 40} +> P2, 
RESET + ++ P2, 
Xin +> Ps 
Xout + + P2, 
Ee ++ P25 

Vss + P2, 
P3, +> + P2, 
P3, + ++ P3o 


Outline 64P4B(one time programmable) 





THE FUNCTIONS AND CHARACTERISTICS 
The M37705E4BXXXSP has the same functions and charac- 
teristics as the M37705M4BXXXSP except that input vol- 
tage of pins CNVsg and BYTE is 13V when writting in 
EPROM. Refer to the section on the M37705M4BXXXSP. 


NOTE 
Refer to “Chapter 5 PRECAUTIONS” when using this mic- 
rocomputer. 
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Data Bus( Even) 
( 
Address Bus 


Data Bus 

















-_ “~~ _— 
—_~ z= -~ - = 
[= — oe pan < N < w © ~ wo P75) = oO ad co = ps 
So Offic . ra < stPOLialtic S OPIS I-TIST Is} eile 
° 5 = N ® 3 <€ oO 5 = = o OLIGALI- Tix itil — ° 
EHett2 ~T1T2I1s5 ott eTieiy? 5 oly slI@lye oli< g 
a4 ro) Fold i 

aitalla stieil= Ellollsal|s 2 oP SlisilSilsoli cll 8s 
o © . 2i}c S Site ot] 2 D 211 Sll2lTlallalistls ot 
3 3 4 Cc o Fa 4 Ss c 2 o e o c£ rs) pad Ss % = = 
2 oO Fi] rt) @ o ro} x x a 5 a ro} o = wv of 
GIISGIIS ELSI] 2 TILTOTESITE . Z1}ollall2li oll stile —S 
« <[l - OL1iolT: 2 ails = ai}? ClPicifelle £ 
2 Sis STi<tis 5 = Ello Fe SPI CTi Si ixd dd xii ois < 
oto sé 2ileli< Eli SITS 5 21,3 SliSitsils 

4 Cc re S 3 ” 9° wo 
2 2a 3 =TTstils STiolteiis a STI efllalleli2il<ii< 
= = = = =~ Q Cc = Cc 
eTP2it2 sits 2yyotya . 81,a E}ic! 

= a i a = 





saysibay uononaysuy 


ee ee ees See ee ee ee 






yWNIIO Buyessuey 490/59 











me 





0¢ — 
31Aq 438, SD qy SSAY SSANO SSA OO, 43S3u 3 Lo NIX 
jndul uondajas = yndut aBeyyoa (AS) (AQ) (A0) (A0) (AS) \ndul yesoy yndyno ajqeuy yndyno yo019.- yndul 49019 
YIPIM SNg a0UdJBjaY 


WVHDVIG WOOTE dSXXXaePrasoZZew 


3—367 


afte MITSUBISH 


MITSUBISH! MICROCOMPUTERS 


M3770SE4BXXXSP 


PROM VERSION of M3770SM4BXXXSP 





FUNCTIONS OF M37705E4BXXXSP 


Instruction execution time 160ns (the fastest instruction at external clock 25MHz frequency) 
PROM 32K bytes 
Memory size " 


i ee 
en 
pe ig 
P3 



























Input/Output ports 


16-bitX 5 (3 input/output and 2 output functions) 
Serial |/O ; UARTX1 
A-D converter 8 -bitX 1 (8 channels) 
Watchdog timer 12-bitX 1 


Dead-time timer 8 -bitX 3 
2 external types, 14 internal types 


Interrupts 

rebia (Each interrupt can be set the priority levels to 0 ~ 7.) 
Clock generating circuit Built-in( externally connected to a ceramic resonator or quartz crystal resonator) 
Supply voltage 5 V+10% . 





Power dissipation 95mW(at external clock 25MHz frequency) 
Input/Output voltage 5V 


Input/Output characteristic 
Output current 5 mA 


Operating temperature range —20~85°C 





Device structure CMOS high-performance silicon gate process 


64-pin shrink plastic molded DIP 


Package 
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PIN DESCRIPTION 


i Supply 5 V+10% to Vcc and 0 V to Vss. 
Input Connect to Vss. 


To enter the reset state, this pin must be kept at a “L” condition which should be maintained for the re- 
quired time. 





Power supply 

















CNVsgzg input 


Reset input 













Clock input These are I/O pins of internal clock generating circuit. Connect a ceramic or quartz crystal resonator be- 
tween Xiy and Xoyr. When an external clock is used, the clock source should be connected to the Xn pin 


and the Xour pin should be left open. 





Clock output Output 


Enable output Output Data or instruction read and data write are performed when output from this pin is “L”. 











Bus width selection input Input Connect to Vgs. 





Analog supply input 





Power supply for the A-D converter. Connect AVcc to Vcc and AVssg to Vsg externally. 


















Reference voltage input 





Input This is reference voltage input pin for the A-D converter. 



















I/O port PO 


1/O port P1 | 
P29~P27 I/O port P2 | 
P3o9~ P32 1/O port P3 \/ 


P4y~P42, | I/O port P4 1/0 
P4, 

P5o~ P56 1/0 port P5 
P65, P62, 1/O port P6 1/O 
P63, P65, 

P65 
. 


P8., P87 1/O port P8& 1/0 In addition to having the same functions as port PO, these pins also function as RxD and TxD pins for UART 1. 


I/O Port PO becomes an 8-bit !/O port. An 1/O direction register is available so that each pin can be program- 


med for input or output. These ports are in input mode when reset. 


These pins have the same functions as port PO. 
These pins have the same functions as port PO. 
These pins have the same functions as port PO. 


These pins have the same functions as port PO. Port P4. can be programmed for ¢,; output pin divided the 
clock to Xjy pin by 2. 











PI /0 
2 /O 
O 


In addition to having the same functions as port PO, these pins also function as I/O pins for timer AO, timer 
Ai, timer A2, and output pin for timer A3. These pins also have the function as motor control output pin. 





in addition to having the same functions as port PO, these pins also function as output pins for timer A4, and 
input pins for external interrupt input INTp and INT; pins, and for timer BO and timer B1, P69 also has the 
function as motor control output pin and P62 has the function as motor control pin. 





In addition to having the same functions as port PO, these pins also function as analog input ANo~ AN; input 
pins. P77 also has an A-D conversion trigger input function. 








MITSUBISH = 
ATRIC 3—369 


MITSUBISHI MICROCOMPUTERS 


M3770SE4BXXXSP 


PROM VERSION of M3770SM4BXXXSP 





PIN DESCRIPTION (EPROM MODE) 


a 
jVeo.Ves [Powersupply | Supply 5 V+10% to Vcc and 0V to Vss. | 
Connect to Vss. 
| AVoo.AVss | Analog supplyinput | Connect AVcc to Vcc and AVgsg to Vgs. 

Reference voltage input Input Connect to Vss. - 


PO o~ P07 Address input (Ag~A7) Input Port PO functions as the lower 8 bits address input (Ag~Av). 






















Reset input Input 












Clock input Connect a ceramic resonator between Xjy and Xourt. 
















Pio~P17 Address input (Ag~Ajs5) Input Port P1 functions as the higher 8 bits address input (Ag~Ais5). In 256K mode, connect P17 to Vcc. 


P29~P2; Data I/O (Do~D7) 1/0 Port P2 functions as the 8 bits data bus (Dp~D7). 
P39~ P32 Input port P3 Input Connect to Vss. 


P49~P4o, Input port P4 Input Connect to Vss. 
P4, 





























P5o~P5¢ Control input Input P5o*,P5; and P5. functions as PGM*, OE and CE input pin respectively. 

Connect P53, P54 and P55 to Voc. Connect P5¢g to Vssg in 256K mode and to Vcc in 1M mode. 
P60, P6o, Input port P6 Input Connect to Vss. 
P63, P6s, . . 


P65 





Input port P7 Connect to Vgs. 


* > It is available in 1M mode. 
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EPROM MODE 

The M37705E4BXXXSP features an EPROM mode in addi- 
tion to its normal modes. When the RESET signal level is 
“L”, the chip automatically enters the EPROM mode. Table 
1 shows the correspondence between pins and Fig. 1 
shows the pin connections in the EPROM mode. 

There are two EPROM modes. One is the 256K mode for 
the EPROM that is equivalent to the M5M27C256K, and the 
other is the 1M mode for the EPROM that is equivalent to 
the M5M27C101K. 256K mode is selected when port P5z is 
set to “L” level, and 1M mode is selected when it is set to 
“H” level. 

When in the EPROM mode, ports PO, P1, P2, P59, P5;, P5o, 
CNVss and BYTE are used for the EPROM (equivalent to 
the M5M27C256K or M5M27C101K). When in this mode, 





Table 1 Pin function in EPROM mode 















M5M27C256K | M5M27C101K 


| Voc 





M37705E4BXXXSP 























eee ee 

Vcc 
CNVss, BYTE Vpp 
POE | Pie OBS 
| PGM | PS* TC CUT PM CO 


* | In 256K mode, connect P17 and P5p to Vcc. 

























the built-in PROM can be written to or read from using 
these pins in the same way as with the M5M27C256K or 
M5M27C101K. 

This chip does not have Device Identifier Code, so that set 
the corresponding program algorithm. The program area 
should specify address 0000;,~7FFF,, in 256K mode, and 
address 18000,,~1FFFFi¢ in 1M mode. 

Connect the clock which is either ceramic resonator or ex- 
ternal clock to Xj, pin and Xoyr pin. 

For one time PROM version, 256K mode should be recom- 
mended to write more deeply. 





ae She 
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Go 
P7,/AN, + 64] +> P7,/AN7/AD yaa: 
P7;/ANs +> AVss 
P7,/AN, > — Var 
P73/AN3 pac 61} = AVoc amaee) 
P7,/AN> ++ 60] Voc 
P7,/AN, [6] | 59] «> P8,/RxD, 
P7o/ANo +> +> P8,/T,D; 
P66/TB1 ny + [8] +> PQg ——_— 
aes Poy TBO Po. ——_—@ 
0 P63/INT; +> <> P0, 
7 fa P6./INT, + 54] <> PO, ———-@ 
: P6o/TA4our/RTP13 +> + PO, 
6 ; P56/TASgut/RTP15 +> = +> PO; 
Equivalent to the az PBg/TA2y/U/RTPI, + S S1] +> PO. 
MOMceoTOiK e ———— P54/TA2gut/V/RTPty + a +> PO, 
P5/TAL /W/RTPOs + fm 49] ++ P1, 
Equivalent to the CE) P5o/TAL our/U/RTP0. ++ bn a] ++ Pt, 
M5M27C256K = : 7 Ne hat 
3 CGE)————— P55, /TAQy/V/RTPO, +> = ++ PI, 
——o PSo/TA0out/W/RTP0, +> [19 x + P13 Equivalent 
; P4, +> S M5} +> Pi, ssKereoeek 
€aw) "PAo/b, > + P15 
Anat ee cee) 
| . P4, +> Pl, o——G@is) 
BYTE— +> P2, Equivalent to the 
en) er ia] <» po, M5M27C101K 
RESET > ++ P2, 
: | O————— Xn > 38] +> P2, 
| O-————— Xour + £8 37] ++ P2, Co 
E+ + P2, 
+> P26 
+> P2, 





133] +> P3o 


* : Connect to ceramic oscillation circuit. 
C > : It is used in the EPROM mode. 


Outline 64P4B 


Fig. 1 Pin connection in EPROM mode 
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FUNCTION IN EPROM MODE 
(1) 1M mode (equivalent to the M5M27C101K) 


Reading ae 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Aj>~Aj;5) to be read, and the 
data will be output to the I/O pins Dy) ~~ D7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing 

Writing must be performed in 8 bits by a byte program. To 
write to the EPROM, set the CE pin to “L” level and the OE 
pin to “H” level. The CPU will enter the program mode 
when 12.5V is applied to the Vpp pin. The address to be 
written to is selected with pins Ap~Aj;s, and the data to be 
written is input to pins Do~D,. Set the PGM pin to “L” level 
to being writing. 





Writing operation 

To program the M37705E4BXXXSP, first set Vec=6V, Vpp= 
12.5V, and set the address to 18000;¢. Apply the 0.2ms 
write pulse, check that the data can be read, and if it can- 
not be read OK, repeat the procedure, applying the 0.2ms 
write pulse and checking that the data can be read until it 
can be read OK. Record the accumulated number of pulse 
applied (X) before the data can be read OK, and then 
write the data again, applying a further once this number of 
pulses (0.2XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V( or Voc=Vpp=5.5V). 


Table 2 1/O signal in each mode 





Note 1 : An X indicates either Vy, or Vin. 


Program operation (equivalent to the M5M27C101K) 
AC ELECTRICAL CHARACTERISTICS (Ta=255C, Voc=6V40. 25V, Vpp=12. 5£0. 3V, unless otherwise noted) 


Symbol Parameter 


tas Address setup time 


toes OE setup time 





tos Data setup time 


eae eerie esa 


| tves 
PGM pulse width 
[toe _ | DatavalidtromOE 


Test conditions 








MITSUBISHI 
ELECTRIC 


3-373 


MITSUBISHI MICROCOMPUTERS 


M3770SE4BXXXSP 


PROM VERSION of M3770SM4BXXXSP 





AC waveforms 


PROGRAM VERIFY 
Vin 
Vie 
WSs i 
_ Se: ee. 
Vep yas | 
Voc 
Vect1 « 
t 


Vec VCS 
Vcc 
Vin 

CE 


. ia 
oan a 

Vin Pe a om ee al 
a | topw 

Vir 


Test conditions for A.C. characteristics 


, . Input voltage : V,.=0.45V, V,4=2.4V 
rithm flow chart 
Programming algo t one Input rise and fall times (10% ~90%) : <20ns 


Reference voltage at timing measurement : Input, Output 


START “L"=0.8V, “H"=2V 


ADDR=FIRST LOCATION 


Voc=6.0V 
Vpp=12.5V 


PROGRAM ONE PULSE OF 0.2ms 


X=X+1 


<> YES 
FAIL DEVICE 
FAILED 

PULSE OF 


PASS 
PROGRAM 
0.2Xms DURATION ; 


NO-— 
INCREMENT ADDR LAST ADDR ? 
Vec= Vpp= *5 OV 


VERIFY FAIL _| DEVICE 
ALL BYTE FAILED 


YES 
PASS 


DEVICE PASSED *4.5V <Voc=Vpp<5.5V 
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(2) 256K mode (equivalent to the M5M27C256K) 


Reading Se 

To read the EPROM, set the CE and OE pins to “L” level. 
Input the address of the data (Ajp~A,4) to be read, and the 
data will be output to the I/O pins Dyg~D;7. The data I/O 
pins will be floating when either the CE or OE pins are in 
the “H” state. 


Writing _ 

To write to the EPROM, set the OE pin to “H” level. The 
CPU will enter the program mode when Vpp is applied to 
the Vpp pin. The address to be written to is selected with 
pins Ag~Aj4, and the data to be written is input to pins Do 
~Dy. Set the CE pin to “L” level to being writing. 


Writing operation 

To program the M37705E4BXXxXSP, first set Voc=6V, Vpp= 
12.5V, and set the address to “0”. Apply the 1ms write 
pulse, check that the data can be read, and if it cannot be 
read OK, repeat the procedure, applying the 1ms write 
pulse and checking that the data can be read until it can 
be read OK. Record the accumulated number of pulse ap- 
plied (X) before the data can be read OK, and then write 
the data again, applying a further three times this number 
of pulses (3XX ms). 

When this series of write operations is complete, increment 
the address, and continue to repeat the procedure above 
until the last address has been reached. 

Finally, when all addresses have been written, read with 
Voc= Vpp=5V( or Voc=Vpp=5.5V). 


Table 3 1/O signal in each mode 














Mode 
Read-out 
Output 
Disable 
Programming 
Programming 
Verify 

Program Disable 


Note 1: 


Data I/O 


Pigsting 


ri 
Psy [ sy | ating 


‘am ee | oe 


An X indicates either Vj, or Vy. 














tats 
sf x 
pe 
Vin 





Program operation (equivalent to the M5M27C256K) 
AC ELECTRICAL CHARACTERISTICS (Ta=25£5C, Vcoc=6V40. 25V, Vepp=12. 50. 3V, unless otherwise noted) 





Parameter 






Symbol 


OE setup time 

Ptos | Dataseupime SSCS 
tan | Address holdtime SSCS” 
Ftow | Datanoistime SSS 
| tore | 





eee 






Test conditions 









Limits 
Unit 











eS 


3—375 


MITSUBISHI MICROCOMPUTERS 


M3770SE4BXXXSP 


‘PROM VERSION of M3770SM4BXXXSP 





AC waveforms 


PROGRAM VERIFY 


Viv 


map 7 aL, DATA OUTPUT 
DATA DATA SET s B 
“ ai 


Voc t 
Voc 
Vin 
cE 


fs 


elds Vist 1. 


“™~ 
< 
> 
= 
O 


Vic/Vor 


tvps 


aes 
Vin 


E 


Programming algorithm flow chart 











ADDR=FIRST LOCATION 








Voc=6.0V 
Vpp=12.5V 






PROGRAM ONE PULSE OF 1ms 
X=X+1 


<> YES 
PROGRAM/VERIFY FAIL DEVICE 
ONE BYTE FAILED 


PASS PASS 


PROGRAM PULSE 
OF 3Xms DURATION 
NO 
INCREMENT ADDR LAST ADDR? 


YES 
_ * 


Vec= Vpp= 5.0V 


VERIFY FAIL DEVICE | 
ALL BYTE FAILED 


PASS 


DEVICE PASSED | *4.5V<Voc=Ver< 5.5V 
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SAFETY INSTRUCTIONS 

(1) A high voltage is used for writing. Take care that over- 
voltage is not applied. Take care especially at power on. 

(2) The programmable M37705E4BSP that is shipped in 
blank is also provided. For the M37705E4BSP, Mitsubishi 
Electric corp. does not perform PROM write test and 
screening following the assembly processes. To improve 
reliability after write, performing write and test according 
to the flow below before use is recommended. 


Writing with PROM writer 


(Caution) 













Screening 


(Leave at 150C’ for 40 hours) 


Verify test with PROM writer 





~~ mae <e Ta 8 <E ae IE ——T ee MS ee ™ 
; Function check in target device | 
L_ ame ww EP asap ome ae Ee eee ee eee ee wa =e 
Caution : Never expose to 150 ‘C exceeding 100 hours. 


ADDRESSING MODES 

The M37705E4BXXXSP has 28 powerful addressing modes. 
Refer to the MELPS 7700 addressing mode description for 
the details of each addressing mode. 


MACHINE INSTRUCTION LIST 
The M37705E4BXXXSP has 103 machine instructions. Refer 
to the MELPS 7700 machine instruction list for details. 


DATA REQUIRED FOR PROM ORDERING 

Please send the following data for writing to PROM. 

(1) M37705E4BXXXSP writing to PROM order confirmation 
form 

(2) 64P4B mark specification form 

(3) ROM data (EPROM 3 sets) 





are SRS 
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ADDRESSING MODES 

The MELPS 7700 microcomputers support 28 different 
addressing modes, offering extremely versatile and power- 
ful memory accessing capability. 

When executing an instruction, the address of the memory 
location from which the data required for arithmetic opera- 


Mode : Implied addressing mode 

Function : The single-instruction inherently address an 
internal register. 

ex. - Mnemonic Machine code 
CLC 1846 





aS aRR eRe ERE 


ex. -: Mnemonic Machine code 
TXA 8Ai,¢ 
(m = 1, x= 0) 


Ds cacercctnnitiietintdanainciimarisimee 


The upper-byte | 


is not transferred. 
‘ [J 


tion is to be retrieved or to which the result of arithmetic 
operation is to be stored must be specified address during 
program execution. Addressing refers to the method of 
specifying the memory address. 

Actual addressing modes are now described by type. 


Instruction °*BRK, CLC, CLI, CLM, CLV, 
DEX, DEY, INX, INY, NOP, 
RTI, RTL, RTS, SEC, SEI, 
SEM, STP, TAD, TAS, TAX, 
TAY, TBD, TBS, TBX, TBY, 
TDA, TDB, TSA, TSB, TSX, 
TXA, TXB, TXS, TXY, TYA, 
TYB, TYX, WIT, XAB 

ex. - Mnemonic Machine code 
TXA 8Ai.¢ 
(m= 0, x = 1) 


sjpoocoooo} | 


(Note) When the data length differ between the transfer-from and trans- 
fer-to locations, data is transferred at the data length for the 
transfer-to location. If, however, the index register is specified as 
the transfer-to location and the x flag is set to 1, 0016 is sent as 


the upper byte value. 
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Mode : Immediate addressing mode 
Function <A portion of the instruction is the actual data. 
Such instruction code may cross over the bank 
boundary. 
ex. - Mnemonic Machine code 
ADC A,#0A5H 6916 Adi¢ 
(m = 1) 
Memory 
0000,, 
Program 
8-bit width bank-PG 
A-A+C+ |. Op Code (694) Program 
<— Operand (AS5,,) Bank Register 
FFFF,, 








instruction : ADC, AND, CLP, CMP, CPX, 
CPY, DIV, EOR, LDA, LDT, 
LDX, LDY, MPY, ORA, RLA, 
~ SBC, SEP 
ex. - Mnemonic Machine code 
ADC A,+0A5B7H | 6916 B7ig Adie 
(m = 0) 
Memory 


16-bit width 


A-A+C+ A546 | B7i6 — 


0000,. 


Program 
Op Code (69,.) bank-PG 
pis 
| ee Bank Register 
FFFF,, 











ex. * Mnemonic Machine code ex. - Mnemonic Machine code 
LDX +0A5H A2;¢ Adis LDX +0A5B7H A2,5 B7i5 Adi 
(x = ) (x = 0) | 
Memory Memory 
0000,, 0000,, 
Program 
bank-PG Program 
te 16-bit wi Op Code (A2;,) bank-PG 
8-bit width Op Code (A216) Program ashes Operand (B716) Program 
‘ X <- | A546) B74 |< 
X< <_ Operand (A54.,) Bank Register Operand (A5,,) Bank Register 
FFFF yg -=-~-~4 FFFFy¢ 
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Mode - Accumulator addressing mode 
Function : The contents of accumulator are the actua! data. Instruction : ASL, DEC, INC, LSR, ROL, 
ROR 
ex. : Mnemonic Machine code 
ROL A 2Ai6 
(m = 1) 





Carry flag Accumulator A 
ex. : Mnemonic Machine code 
ROL A 2Ai6 
(m= 0) 





Carry flag Accumulator A 
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Mode : Direct addressing mode 

Function : The contents of the bank 0,, memory location Instruction : ADC, AND, ASL, CMP, CPX, 
specified by the result of adding the second byte CPY, DEC, DIV, EOR, INC, 
of the instruction to the contents of the direct LDA, LDM, LDX, LDY, LSR, 
page register become the actual data. If, howev- | MPY, ORA, ROL, ROR, SBC, 
er, addition of the instruction’s second byte to the , STA, STX, STY 


direct page register’s contents result in a value 
that exceeds the bank 0;, range, the specified 
location will be in bank 146. 


ex. : Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A,02H 6515 0216 ADC A,02H 6516 02:6 
(m=1) _ (m = 0) 
Memory Memory 






0000,, 0000,, 






A+A+C+ 


[ow 


Bank 046 12361. 


A~-At+C+H 
1236,. | 


DATAy | DATA, |< 





FFFF 1g 


Direct page 
register 


+ | 1234. |= 1236, 






FFFF,, 


Op Code (6546) 
Operand (02,.) 


Direct page 


Op Code (654.) register 
Operand (02,.) de Site 





ex. : Mnemonic Machine code | ex. / + Mnemonic Machine code 
LDX 02H A6ig 02:6 LDX 02H A6;¢ 024, 
(x = 1) (x = 0) 
Memory 


0000,. 






Bank 016 


x- [ara ]~ 


1236,, 


X<]| DATA, ' DATA, | 


FFFF,, FFFF,, 









Direct page 
register 


+ = 1236,, 


Direct page 


regi 
Op Code (A6,.) gister 
Operand (02;6.) + | 1234,, | = 12364, 







Op Code (A64,) 
Operand (02;.) 
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Mode 


Function 


eX. 





- Direct bit addressing mode 


- Specifies the bank 0;, memory location by the 
value obtained by adding the instruction’s second 
byte to the direct page register’s contents, and 
specifies the positions of multiple bits in the 
memory location by the bit pattern in the third 
and fourth bytes of the instruction (third byte only 
when the m flag is set to 1). If, however, addition 
of the instruction’s second byte to the direct page 
register’s contents result in a value that exceeds 
the bank 0, range, the specified location will be 


in bank 146. 

: Mnemonic Machine code 
CLB +5AH, 04H 1446 0416 5Ai6 
(m = 1) 

Memory 









Bank O16 


Direct page 
register 


+ [ 1234. |= 1238,, 





Op Code (14,,) 


Operand (04,,) 
Operand (5A4.) 


?]0} 7 Jo} 0} 2}o| 2} 001238, 


oes 


ex. 


Instruction : CLB, SEB 
: Mnemonic Machine code 
CLB +5AA5H, 04H 1416 04, Adi¢ SAi6 
(m= 0) 
Memory 







ee eel onteen 


Bank 046 


Direct page 
register 
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Mode - Direct indexed X addressing mode 

Function :The contents of the bank 0,, memory location Instruction : ADC, AND, ASL, CMP, DEC, 
specified by the result of adding the second byte DIV, EOR, INC, LDA, LDM, 
of the instruction, the contents of the direct page LDY, LSR, MPY, ORA, ROL, 
register and the contents of the index register X _ ROR, SBC, STA, STY 


become the actual data. If, however, addition of 
the instruction’s second byte, the direct page 
register’s contents and the index register X’s con- 
tents results in a value that exceeds the bank 0;, 
or bank 11. range, the specified location will be 
in bank 146 or bank 246. 


ex. - Mnemonic Machine code ex. : Mnemonic Machine code 
ADC A,1EH,X 7546 1Ei¢ ADC A,1EH,X 7546 1Ei6 
(m = 1, x = 1) | | (m= 0, x = 1) 
Memory Memory 


0000,, 
A+-A+C+ 


[para] ~ 


Bank O16 A-A+C+ 


DATA | DATA,] < 


13384, 





FFFF 4, FFFF,, 





Direct page Index Direct page Index 


Op Code (7546) register register X | Op Code (75i¢) register —_ register X 
Operand (1Ei) | +| 1234,.|+| ” | E616] = 1338; Operand (1Ey.) | + + = 1338, 





ex. : Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A,1EH,X 7546 1E4.6 ADC A,1EH,X 7546 TEi6 
(m= 1, x = 0) (m = 0, x = 0) 
Memory 


Memory 







0000,, 
A~-A+C+ 


[ora] - 






Bank 016 A-A+C+ 


DATA, 1 DATAL | < | 


43381, 





FFFFg Ff FFF, 


| | Direct page Index Direct page Index 
register register X Op Code (7546) register register X 


+ [1204] + [306] - 490% + [aa] + [ 2086. |= 408, 
———__ Senne 
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ex. : Mnemonic Machine code 
LDY 1EH,X B4,,¢ 1E;. 
(x = 1) 
Memory 


v~ [bara] 





Direct page Index 


register register X 


Operand (1E,,) + | 1234,, 





ex. : Mnemonic Machine code 
LDY 1EH,X B4,, 1E,.¢ 
(x = 0) 
Memory 


0000,, 


Bank 04. 


4338, 


Y< | DATA, ! DATA, -| 


FFFF,, 





Direct page Index 


Op Code (B4,,) register register X 
Operand (1E,.,) + 1234,, +) 30E6,, | = 4338,, 
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Mode : Direct indexed Y addressing mode 


Function :The contents of the bank 0;, memory location Instruction : LDX, STX 

specified by the result of adding the second byte 
of the instruction, the contents of the direct page 
register and the contents of the index register Y 
become the actual data. If, however, addition of 
the instruction’s second byte, the direct page 
registers contents and the index register Y’s con- 
tents results in a value that exceeds the bank 04, 
or bank 14, range, the specified location will be 
in bank 14, or bank 24.. 


ex. : Mnemonic Machine code 
LDX 02H,Y B6,,_ 02;, 
(x = 1) 
Memory 
0000,, 
Bank 04. 
X< < 131C,, 


FFFF,, 





Direct page Index 
Op Code (B6,,) register register Y 


[Operand (0%) |+[ 12840 +] 6] = 1910 
ae 






ex. : Mnemonic Machine code 
LDX 02H,Y BE6,5 024. 
(x = 0) 
Memory 
0000,, 
Bank O16 
131C,, 
x<- DATA, l DATA, <= 

FFFF,, 


Direct page Index 


Op Code (B6,,) register register Y 
Operand (0246) a + | 00E6,, |= 131C,, 
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Mode . Direct indirect addressing mode 


Function <The value obtained by adding the instruction’s 
second byte to the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank 016, and the contents of these bytes in 
memory bank-DT (DT is contents of data bank 
register) become the actual data. If, however, the 
value obtained by adding the instruction’s second 
byte and the direct page register’s contents ex- 
ceeds the bank 0,6 range, the specified location 
will be in bank 14.. 


ex. - Mnemonic Machine code Ox. 
ADC A,(1EH) 7246 1E:6 
(m = 1) 






Op Code (7246) 


Operand (1E,,) 


Direct page 
register 


| 123he | + 









een, gece ac Data bank 


register 
DATA . 


A-A+C+ 


[ra] ~ 


A+A+C+ 


12014. 





Instruction 





Direct page 
register 


[ 1234 | + 





DATAyW | DATA, |< 


: ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 


- Mnemonic Machine code: 
ADC A,(1EH) 7216 1E46 
(m= 0) 

Memory 


Op Code (72,.) 
Operand (1E,,) 





i Ban Ei geen! Data bank 
register 


12011, 





ae RES 
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Mode - Direct indexed X indirect addressing mode 
Function :The value obtained by adding the instruction’s Instruction - ADC, AND, CMP, DIV, EOR, 
second byte, the contents of the direct page re- LDA, MPY, ORA, SBC, STA 


gister and the contents of the index register X 
specifies 2 adjacent bytes in memory bank 04, 
and the contents of these bytes in memory bank 
O1¢, and the contents of these bytes in memory 
bank-DT (DT is contents of data bank register) 
become the actual data. If, however, the value 
obtained by adding the instruction’s second byte, 
the direct page registers contents and the index 
register X’s contents exceeds the bank Oj. or 
bank 11, range, the specified location will be in 
bank 11. or bank 24.. 


ex. : Mnemonic Machine code 
ADC A, (1EH, X) Big TEi¢ | 
(m=1,x=1) 
Memory 


0000,, 





DATAI (004.) 
DATAIL (144,) 


ee FFFFg 





1338,, 










Op Code (614,) 
Operand (1E,.) 


Data bank 
register 
-At+C +[ vara ] | DATA | serene | DT | 1400.6 


Direct page Index 
register register X Program 


ue [1234.6 | ii =1338,, bank-PG 
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ADC A, (1EH, X) 
(m=0,x=1) 


A-A+C+| DATA, ! DATA, a 


ADC A, (1EH, X) 
(m=1,x=0) 


~a+e+ [oma] S 


Machine code 


6lig 1Ei6 
Memory 
0000,, 
Bank O16 
1338,, 
FFFF , 





Direct page Index 
Op Code (614) register register X Program 


Operand (1Ei,) + +|_ | EG, |=1338,, bank-PG 





Data bank 
register 


1400,, 


Machine code 


10000,, 


103384, 


1FFFFi, 





Direct page Index 


Op Code (6146) register register X Program 
Operand (1E4¢) +| 1234,. | + = 10338, bank-PG 


Data bank 
register 


1400,, 
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ex. > Mnemonic Machine code 
ADC A, (1EH, X) Blig 1E:e 
(m=0,x=0) 
Memory 


{| Sara 


DATATL (1446) 





Op Code (6146) 
Operand (1E,,) 


A+A+C+] DATA, | DATA, | < miallal 
DATAn 


10000,, 


Bank 1i¢ 


10338,, 


1FFFF,, 





Direct page index 
register register X 


- - = 10338 


Program 
bank-PG 


Data bank 


register 


1400; 
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Mode 


Function 


ex. 





Direct page 
register 


[ 12346 | + 


: Direct indirect indexed Y addressing mode 


- The value obtained by adding the instruction’s 


second byte and the contents of the direct page 
register specifies 2 adjacent bytes in memory 
bank 046. 

The value obtained by adding the contents of 
these bytes and the contents of the index register 
Y specifies address of the actual data in memory 
bank-DT (DT is contents of data bank register) . 
If, however, the value obtained by adding the 
contents of the instruction’s second byte and the 
direct page register exceeds the bank 0i, range, 
the specified location will be in bank 14.. Also, if 
addition of the contents of memory and index 
register Y generate a carry, the bank number will 
be 1 larger than the contents of the data bank 
register. 


> Mnemonic Machine code 


ADC A, (1EH),Y 7146 1E:6 
(m=1,x=1) 


Memory 


Bank O16 


Index 
| register Y 










125246 
12534. 


Op Code (714,) 


Operand (1E4.) 


Data: bank 
register 


12E7,¢ 


Instruction 


-: ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 





MITSUBISHI 
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ex. : Mnemonic Machine code 










ADC A, (1EH), Y 714¢6 1Ei6 
(m=0,x=1) 
Memory 
Bank 04. 
Index 
register Y 
125246 _ 





Direct page oa 
register 


[ 123410 | + 





Operand (1E,,) 


Data bank 
register 


A-A+C+] DATA,! DATA, ~ | 12E71¢ 


ex. : Mnemonic | Machine code 
ADC A, (1EH), Y 7146 1E46 
(m=1,x=0) 
Memory 
Bank 046 
Index 
register Y 
1252,, DATAI (0146) = 





4 =102E7 
DATAIL (1246) 


12531. 






- Direct page 
register 


| 123416 | + 





Op Code (714.) 


Operand (1E4.) 







Data bank 
register 


[ DT |+1, 02E7,, 





DATA | 


-ases[omn]~ 
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ex. : Mnemonic Machine code: 
ADC A, (1EH), Y 7146 1Ey,6 
(m=0,x=0) 
Memory 
Bank O16 
Index 
ister Y 
125244 ee 
1253,6) DATAIL (12,6) + [| FOE6., |=102E7,, 








Op Code (71,,) 


Operand (1E4.) 


Direct page 
register 





+ 






Data bank 
register 


DT |+1, 02E7 
A+A+C +] DATA, | DATA, -| q 
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Mode : Direct indirect long addressing mode 
Function :The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
second byte and the contents of the direct page LDA, MPY, ORA, SBC, STA 


register specifies 3 adjacent bytes in memory 
bank 0;., and the contents of these bytes specify 
the address of the memory location that contains 
the actual data. If, however, the value obtained by 
adding the contents of the instruction’s second 
byte and the direct page register exceeds the 
bank 0,, range, the specified location will be in 
bank 11... The 3 adjacent bytes memory location 
may be spread over two different banks. | 




















ex. > Mnemonic Machine code eX. > Mnemonic _ Machine code | 
ADCL A, (1EH) 6716 1E:6 | ADCL A, (1EH) 6716 1E:6 
(m=1) ; (m=0) 
Memory Memory 
Le Bank O | 
12531¢ 125316 


, 


: 125416 








cr 


Op Code (67;.) 
Operand (1E4,) 


ee ed 


Op Code(674¢) 
Operand(1E4.) 


Direct page 
register 


pea 






Direct page 
register 


[12541 | + 






1201 EF,, _ 


A+A+C + DATA | *— 
saves Ron] —| 
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Mode 


Function 


ex. 


n-a+e+[ona ]— 





Direct page 
+ Operand(1E1¢) 


- Direct indirect long indexed Y addressing mode 


- The value obtained by adding the instruction’s 


second byte and the contents of the direct page 
register specifies 3 adjacent bytes in memory 
bank 0.6, and the value obtained by adding the 
contents of these bytes and the contents of the 
index register Y specifies the address of the 
memory location where the actual data is stored. 
If, however, the value obtained by adding the 
contents of the instruction’s second byte and the 
direct page register exceeds the bank 0, range, 
the specified location will be in bank 11. The 3 
adjacent bytes memory location may be spread 
over two different banks. 


- Mnemonic Machine code 
ADCL A,(1EH), Y 7716 1Ei6 
(m=1, x=1) 
Memory 
Bank 046 
Index 
1252,, register Y 


12531, 
12544, 





120210,. 


Instruction 


+[ tthe | =1202101, 


- ADC, AND, CMP, DIV, EOR, 
LDA, MPY, ORA, SBC, STA 
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ex. : Mnemonic . Machine code 
ADCL A,(1EH), Y T7145 1Ed6 
(m=0, x=1) 
Memory 
Index 
12526 register Y 








: +(e] = 1202104 





Direct page 
register 


Operand(1E,,) 


120210, 


A+A+C-+I DATA,! DATA, -| 


ex. : Mnemonic | Machine code 
ADCL A,(1EH), Y 7716 1Ei6 
(m=1, x=0) 


Memory 


125246 DATA I (EF 4) register Y 


1253,, DATAT (0146) +[ E5211. | miZE 710i 
12544, DATA (1246) | 





Direct page 


register Op Code(774.) 
+ Operand(1E4.) 


12E7104, 


a~a+c+[oata]= 
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ex. > Mnemonic Machiné code 
ADCL A,(1EH), Y 7716 1E4¢ 
(m=0, x=0) 


Memory 


Bank 016 
index 
register Y 





12521, 
1253,, 
12541, 





+[ E521, | =12E710,, 









Op Code(774.6) 


Operand(1E,,) 


Direct page 
register 


[1234.6 | + 








DATA, 
DATA, 






12E710,, 


A~A+C-H DATA, ! DATA, | 
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Mode : Absolute addressing mode 
Function :The contents of the memory locations specified 
by the instruction’s second and third bytes and 
the contents of the data bank register are the 
actual data. Note that, in the cases of the JMP 
and JSR instructions, the instructions’ second and 
third byte contents are transferred to the program 
counter. 
ex. - Mnemonic Machine code 
ADC A, 0AD12H 6D,, 12,, AD;, 
(m=1) 
Memory 
Op Code (6D,,¢) 
Operand (12) 
Operand (AD,,) 
Share, eee ee ae Data! bank 
A-A+C+H+ register 
[are] ~ [DT]a012, 
ex. : Mnemonic Machine code 
LDX 0AC14H AEi¢ 1416 ACi. 
(x=1) 
Memory 


X<| DATA | < DATA AC14,, 


Op Code (AE,,) 
Operand (1446) 
Operand (AC,,) 





Data bank 
register 


A+A+C+ 


DATA DT | AD12 
DATAn | DATA, ~{ ag 


X +} DATA, | DATAL -{ 


Instruction ©‘ ADC, AND, ASL, CMP, CPX, 
CPY, DEC, DIV, EOR, INC, 
JMP, JSR, LDA, LDM, LDX, 
LDY, LSR, MPY, ORA, ROL, 
ROR, SBC, STA, STX, STY 


ex. : Mnemonic Machine code 
ADC A, 0AD12H 6Di¢ 12:6 ADi 
(m=0) 
Memory 


Op Code (6D,.) 
Operand (12,) | 


Operand (AD,,) 










Data bank 
register 


DATA,, 


ex. : Mnemonic Machine code 
LDX 0AC14H AEi¢ 1416 ACi, 
(x=0) 
Memory 


Op Code (AE4,) 
Operand (1446) 
Operand (AC.) 





Data bank 
register 


AC14,, 


h 
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ex. : Mnemonic Machine code 
JMP 0AC14H 4Cig 1446 ACisg 
Memory 
0000, 
Op Code (4C,,) 
Operand (14,,) | 
Operand (AC,,) paaian 
bank-PG 





Program 
bank register 
Address to be 
AC14 
executed next. 16 
FFFF,, 





Program bank register contents are not affected. 
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- Mode - Absolute bit addressing mode 
Function : The contents of the instruction’s second and third Instruction ‘ CLB, SEB 
bytes and the contents of the data bank register 
specify the memory locations, and data for multi- 
ple bit positions in the memory locations are spe- 
cified by a bit pattern specified in the instruction’s 
fourth and fifth bytes (the fourth byte only if the m 
flag is set to 1). 
ex. - Mnemonic [Machine code €X. - Mnemonic Machine code 
CLB +5AH, 1234H 1046 3446 1246 5A CLB #5AA5H, 1234H 1046 3446 1246 A516 5Ai6 
(m=1) (m=0) 
Memory Memory 
— 
! 
ee ade as 
Data bank 
Ree te Data bank 
1234;6 register 
Soe Se ee Data bank —— 
register 
1234,, 
ee Data bank | 
register 
12344. 
MITSUBISH 
4—24 | 


ELECTRIC 


Mode 


Function 


ex. 


A-A+C+H+ 


DATA | <- 
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- Absolute indexed X addressing mode 


Op Code (7D,.) 
Operand (12;.) 
Operand (AD,,) 





Index 
register X 


+[ | EE,6]=AE00,, 









- The contents of the memory locations specified Instruction : ADC, AND, ASL, CMP, DEC, 
by a value resulting from addition of a 16-bit DIV, EOR, INC, LDA, LDM, 
numeric value expressed by the _ instruction’s LDY, LSR, MPY, ORA, ROL, 
second and third bytes with the contents of the ROR, SBC, STA 
index register X and the contents of the data 
bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction’s second and third bytes with the con- 
tents of the index register X generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 

- Mnemonic Machine code ex. - Mnemonic Machine code 
ADC A, 0AD12H, X 7Di6 12:4 ADi6 ADC A, 0AD12H, X 7Di5 1216 ADie 
(m=1, x=1) (m=0, x=1) 

Memory Memory 


Index 
Op Code (7D) register X 
Operand (1246) 
+ | EE, |=A 
Operand (AD,.) es aoe 


Data bank ye pas 
register A-A+C+ g 





DATA, 
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ex. : Mnemonic 
ADC A, 0AD12H, X 
(m=1, x=0) 


Memory 


Op Code (7D,.,) 
Operand (12;,) 
Operand (AD,.) 





A+~A+C+H+ 


fox] ~ 


ex. : Mnemonic 
LDY 0BC12H, X 
(x=1) 


Memory 


Op Code (BC,,) 
Operand (1246) 
Operand (BC,,) 


v= [bara] - 





Machine code 


7D1¢ 1216 ADi¢ 


Index 
register X 


Data bank 


register 


[ DT] BE00,, 


A-~A+C+] DATA,: DATA, -| 


Machine code 
BC,¢ 12:6 BCi, 


Index 
register X 


at | ! EE, | =BD00,,; 


ex. | 


ex. 


Y¥ <—]} DATA, ! DATA, -| 





- Mnemonic Machine code 
ADC A, 0AD12H, X 7Di¢ 1216 AD4, 
(m=0, x=0) 

Memory 


aeaiess Index 


Op Code (7Di6) register X 
Operand (12,.) = 

+| 10EE,. | =BE00 
Operand (ADj,) [ 108E. | ° 


Data bank 
register 


BE00,, 


>: Mnemonic Machine code 
LDY 0BC12H, X BCisg 12;, BCi, 
(x=0) 
Memory 


Index 
Op Code (BCi6) register X 
Onerand (19,.) Fl 


MPS TG | Fei / laine. 
+ | 10EE =CDO00 
Operand (BC,,) | 1OEE ss | i 





eee ee 


Data bank Data bank 
register register 
BD00,, CD00,, 
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Mode - Absolute indexed Y addressing mode 


Function : The contents of the memory locations specified 
by a value resulting from addition of a 16-bit 
numeric value expressed by the _ instruction’s 
second and third bytes with the contents of the 
index register Y and the contents of the data 
bank register are the actual data. If, however, 
addition of the numeric value expressed by the 
instruction’s second and third bytes with the con- 
tents of the index register Y generates a carry, 
the bank number will be 1 larger than the con- 
tents of the data bank register. 


Machine code ex. 
7916 12:6 ADi, 


ex. - Mnemonic 
ADC A, 0AD12H, Y 
(m=1, x=1) 


Memory 








Index 
Op Code (7946) register Y 
Operand (12,,) 
3 + =AE00,, 
Operand (AD,,) 


Data Bank 


register A~A+C+ 
AE00;, aa 
ex. : Mnemonic Machine code ex. 
ADC A, 0AD12H, Y 7946 1246 ADis 
(m=0, x=1) 


Memory 


Op Code (7946) 


5 es register Y 
peran 16 
Operand (AD,,) a pee 


Index 


Data bank 
register 


AE00,, 


A~A+C+ 


DATA: DATA, | <— 


A+A+C+ 


Instruction 






DATA, 1 DATA, | < 


- ADC, AND, CMP, DIV, EOR, 
LDA, LDX, MPY, ORA, SBC, 


STA 
- Mnemonic Machine code 
ADC A, 0AD12H, Y 7946 1246 ADi, 
(m=1, x=0) 
Memory 





Op Code (7944) 
Operand (12,,) 
Operand (AD,,) 


Index 
register Y 


+ =BE00,, 






Data Bank 
register 


BE00,, 


DATA 







- Mnemonic Machine code 
ADC A,0AD12H, Y 7946 1246 AD4, 
(m=0, x=0) 

Memory 


| Op Code (7946) _| Code (79 
= eal register Y 
peran 


index 


Operand (AD,,) 


Data bank 
register 


BE00,, 





re ES 
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ex. % Mnemonic — Machine code ex. : Mnemonic Machine code 
LDX 0BC12H, Y BE,, 12,, BC;, LDX 0BC12H, Y BE,, 12,, BC,, 
(x=1) (x=0) 
Memory | Memory 


Lipinenvonr Index 


register Y 


Operand (124) 
+ =BDO0 
Operand (BC,.) " 





Op Code (BE;,) 
Operand (12;.) 
Operand (BC,g) 


Index 
register Y 


| 4 =CD00,, 















Data bank Data bank 
register register 
CD00,, 


X< | DATA |< DATA DT | BDOO 
= ensauionees * acemeal | 
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Mode - Absolute long addressing mode 
Function : The contents of the memory locations specified 
by the instruction’s second, third and fourth bytes 
become the actual data. Note that, in the cases of 
the JMP and JSR instructions, the instructions’ 
second and third byte contents are transferred to 
the program counter and the fourth byte contents 
are transferred to the program bank register. 


ex. - Mnemonic IMachine code ex. 
ADC A, 123456H 6F 16 5646 3446 12;, 
(m=1) 


Memory 






A-A+C+ 


[oar] ~ 


ex. ~. Mnemonic 
JMP 123456H 


IMachine code 
SC 16 5646 3446 124, 


Memory 






Program 
bank register 


3456.4 


Address to be 


executed next. 


Program bank register contents are replaced by 
the third operand. 


area 


- Mnemonic 


123456,, 
A+A+C-+] DATA, | DATA, |< 


Instruction ‘ADC, AND, CMP, DIV, EOR, 


JMP, JSR, LDA, MPY, ORA, 
SBC, STA 


Machine code 
ADC A, 123456H 6F 16 5646 3446 1246 


(m=0) 


Memory 


Op Code (6F,,) 
Operand (56,,) 
Operand (34,,) 
Operand (12,,) 


123456,, 
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Mode - Absolute long indexed X addressing mode 
Function : The contents of the memory location specified by Instruction : ADC, AND, CMP, DIV, EOR, 
adding the numeric value expressed by the LDA, MPY, ORA, SBC, STA 


instruction’s second, third and fourth bytes with 
the contents of the index register X are the actual 


data. 

ex. > Mnemonic Machine code ex. - Mnemonic Machine code: 
ADC A, 123456H, X TF 46 5646 3446 1246 ADC A, 123456H, X TF i165 5646 3446 124, 
(m=1, x=1) (m=0, x1) 


Memory Memory 









index Op Code (7F,.) Index 
register X Operand (56;,) register X 


+[__| Eth, |=123537,, perand (3416) 1235374, 


Operand (124.) 





Op Code (7F4,) 
Operand (56,,) 
Operand (34,,) 
Operand (124.6) 





A+A+C+ A-A+C+ 
- [Data oATA] | ne 
ex. : Mnemonic Machine code ex.  := Mnemonic Machine code 
ADC A, 123456H, X 7F 15 5645 3446 1246 ADC A, 123456H, X TF 6 5646 3446 1216 
(m=0, x=1) (m=0, x=0) 
Memory Memory 


Op Code (7Fi¢) Index Op Code (7F,¢) Index 
Operand (561,) register X Operand (56;.) register X 


Operand (34;¢) 4 =132337;, Operand (34,,) 4 =132337,, 
Operand (1246) Operand (1246) 





A-A+C+ 


[para] ~ 


132337,, DATA, | DATA, -{ 13233716 


A+A+C+ 
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Mode - Absolute indirect addressing mode 


Function : The instruction’s second and third bytes specify 2 
adjacent bytes in memory, and the contents of 
these bytes specify the address within the same 
program bank to which a jump is to be made. 


Machine code 


ex. : Mnemonic 
JMP(1400H) 


Memory 


Op Code (6C,,) 
Operand (00,,) 
Operand (14,,) 


Program 
bank-PG 


DATA I (FFy.) 
DATA IE (1E46) 


1400, | 


Program 
bank register 


1EFF,, 


Address to be 
executed next. 





Instruction :° JMP 
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Mode 


Function 


ex. 


- Absolute indirect long addressing mode 


: The instruction’s second and third bytes specify 3 
adjacent bytes in memory, and the contents of 
these bytes specify the address to which a jump 
is to be made. 


Machine code 
DCig 3446 1246 


- Mnemonic 
JMPL(1234H) 


Memory 


Op Code (DC,.) 
Operand (34,,) 
Operand (124.) 









Program 
bank register 


1234, 







Program 
bank register 


[A146|B412,¢ 


Address to be 
executed next. 


DATA Ill is loaded in the program bank register. 


Instruction :° JMP 
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Mode - Absolute indexed X indirect addressing mode 

Function : The value obtained by adding the instruction’s 
second and third bytes and the contents of the in- 
dex register X spcifies 2 adjacent bytes in mem- 
ory, and the contents of these bytes specify the 
address to which a jump is to be made. 


ex. : Mnemonic Machine code 
JMP(1234H, X) 7Cy6 3446 124, 
(x=1) 


Memory 






Index 
register X 


Op Code (7Ci6) 
Operand (344.) 
Operand (12;.) 


DATA I (1246) 
DATA II (BC,,) 


1246,, 


Program 
bank register 


BC12;¢ 





Address to be 
executed next. 





oa" 


Instruction : JMP, JSR 


Program 
bank-PG 
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Mode : Stack addressing mode 
Function : Register contents are saved to or restored from Instruction : PEA, PEI, PER, PHA, PHB, 
the memory location specified by the stack poin- PHD, PHG, PHP, PHT, PHX, 
ter. The stack pointer is set in bank 046. PHY, PLA, PLB, PLD, PLP, 
PLT, PLX, PLY, PSH, PUL 
ex. : Mnemonic Machine code ex. -: Mnemonic Machine code 
PHA 48,1, PHA | 48.4 
(m=1) (m=0) 
Memory Memory 
| | Stack pointer | Stack pointer 
] es ts Se Oe 
: $1 
se 
een eie - Bank 04 
ex. | - Mnemonic Machine code ex. - Mnemonic Machine code: 
PHD 0B;, PEA + 1234H F4,. 3416 1246 
Memory 
[7] _ Stack pointer | 
s2[ om Stack pointer 
$1 00 
S | Pre Boars panikbs 
Op Code (F44,) 
Operand (34,.) 
Operand (124.6) 
MITSUBISHI 
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ex. : Mnemonic 
PEI + 12H 


Machine code 
D4,, 124.6 






Stack pointer Banks Dig 





Direct page 


Op Code (D4,,) register 
Operand (12;.) +} 3400:6 |= 3412,, 


ex. : Mnemonic 
PER + 1234H 


Machine code 


Memory 











Stack pointer 


S-2 
S-1 


Bank 04.6 







Program 
_ bank register 


5676,¢ 
N N 
| + | 56! 7845 | =\ 68) (AC), 


Program counter 






Op Code (62) 


Operand (344.) 


Operand (124.) 


Program 
bank-PG 
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Mode 


Function | 


eX. 


eX. 


: Relative addressing mode 


: Branching occurs to the address specified by the 
value resulting from addition of the contents of 
the program counter and the instruction’s second 


byte. In the case of a long branch by the BRA in-. 


struction, a 15-bit signed numeric value formed 
by the contents of the instruction’s second and 
third bytes is added to the program counter con- 
tents. If the addition generates a carry or borrow, 
1 is added to or subtracted from the program 
bank register. 


Machine code 
9016 F4i.6 


: Mnemonic 
BCC *—12 


Branches to the address * —12 if the carry flag (C) 
has been cleared. 
Memory 


Address to be 


executed next. *—12 


Op Code (90,,) 


Operand (F4,,) si 





Machine code 


- Mnemonic 
BRA 1234H 


Memory 


Op Code (82,,) 
Operand (344.) 


Operand (12;.) Program 


bank register 


FF 1216 


Address to be 
executed next. 


11461, 





* Address to be 
executed next. 


Program 
bank-PG 


Program 
bank-PG+1 


- BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 


Instruction 


Advances to the address * if the carry flag (C) 
has been set. 
Memory 


Op Code (90,6) 
Operand (F4,,) 
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Mode - Direct bit relative addressing mode 


Function : Specifies the bank 0,, memory location by the Instruction : BBC, BBS 
value obtained by adding the instruction’s second 
byte to the direct page register’s contents, and 
specifies the positions of multiple bits in the 
memory location by the bit pattern in the third 
and fourth bytes (the third byte only if the m flag 
is set to 1). Then, if the specified bits all satisfy 
the branching conditions, the instruction’s fifth 
byte (or the fourth byte if the m flag is set to 1) is 
added to the program counter as a signed value, 
generating the branching destination address. If, 
however, addition of the instruction’s second byte 
to the direct page register’s contents result in a 
value that exceeds the bank 0;, range, the speci- 
fied location will be in bank 146. 


ex. : Mnemonic Machine code 
BBS +5AH, 04H, OF6H 24,, 0416 5Ai¢ F616 
(m=1) 


Memory 


001238,, Bank 016 001238,, Bank 016 


Program 
Address to be bank register 


executed next. J | tag FFD 





Direct page Direct page 
Jum register register 
+ [123416] = 1238), + [123416]=12384. 
Program Program 
bank register bank register 








executed next. as 
B h 
(Branch) (Not branch) 
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ex. : Mnemonic Machine code 
BBS +5AA5H, 04H, OF6H 2416 0446 Adig 5Aig F6i6 
(m=0) 
Memory . Memory 






001238, 001238, Bank Ore 
Program 
Address to be bank register 
executed next. [11,6] FFFE,, 
Direct page Direct page 
. Op Code (24,,) register Op Code (24,,) register 
Jump 
Operand (04,,) + [1234,6|= 1238,, Operand (04,.) - [1234,6]= 12384, 
Operand (A5,.¢) Operand (A5i¢) 
Operand (5A4¢) Program Operand (5Ai_) Program 





bank register 


[12,<| 0008, 


Operand (F6,,) 


(Not branch) 





0008,,, executed next. 





Operand (F6,.) bank register address to be 





(Branch) 





MITSUBISHI 


Mode 


Function 


eX. 


Address to be 
executed next. 


Jump 


: Mnemonic 





: Absolute bit relative addressing mode 


: The instruction’s second and third bytes and the 


contents of the data bank register specify the 
memory location, and data for the memory 
location's multiple bits is specified by a bit pat- 
tern in the instruction’s fourth and fifth bytes (the 
fourth byte only if the m flag is set to 1). Then, if 
the specified bits all satisfy the branching condi- 
tions, the instruction’s sixth byte (or the fifth byte 
if the m flag is set to 1) is added to the program 
counter as a signed value, generating the bran- 
ching destination address. 


Machine code 
BBS #5AH, 1234H, OF6H  2C4¢ 341, 1246 5Ai6 F6i6¢ 
(m=1) 


Memory 





Program 
bank register 
FFFD,, 
Op Code (2C4,) 
Operand (34,,) 
Operand (12;.) 
Operand (5Aj,) Program 
Operand (F6,¢) bank register 
0007,. 
Data bank 
register 
12344, 


(Branch) 
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Instruction : BBC, BBS 


Memory 


am 
nee 





Program 
bank register 


[12,.|0007,. 


Address to be 
executed next. 


Data bank 
register 


12344, 





(Not branch) 
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ex. > Mnemonic . Machine code 
BBS #5AA5H, 1234H, OF6H  2C,, 3446 1216 A516 5Ai6 F616 
(m=0) 
Memory Memory 


Program 
Address to be bank register 
executed next. isa [1446] FFFD,, 


Op Code 36) 
Jump Operand (34,,) 
Operand (2 
Operand (AB) 
Operand (5Aj.) Program 
bank register 
000746 





Program 


Operand (5Ai¢) 
Operand (F6,.) bank register 


0007,. 





Address to be 
executed next. 


Data bank 
register 


[DT ]1234,, 


Data bank 
register 


12341, 





(Branch) (Not branch) 
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Mode : Stack pointer relative addressing mode 
Function : The contents of a bank 0;, memory location spe- Instruction : ADC, AND, CMP, DIV, EOR, 
cified by the value resulting from addition of the LDA, MPY, ORA, SBC, STA 


instruction’s second byte and the contents of the 
stack pointer become the actual data. If, howev- 
er, the value obtained by adding the contents of 
the instruction’s second byte and the stack point- 
ers contents exceeds the bank 0, range, the 
specified location will be in bank 14.. 


ex. - Mnemonic Machine code ex. - Mnemonic Machine code: 
ADC A, 02H, S 634.6 024. ADC A, 02H, S 634,56 0246 
(m=1) (m=0) 








Bank O16 
A-A+C+ 
fe Ph eee i DATA 
Op Code (63,,) Stack pointer Op Code (63;.) Stack pointer 


Operand (02,,) 


+ [234.6 ]=1236,, + [12346 |= 1236. 
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Mode 


Function 


ex. 


Stack pointer 


[ 12346 | + 





- Stack pointer relative indirect indexed Y addres- 
sing mode 


- The value obtained by adding the instruction’s Instruction : ADC, AND, CMP, DIV, EOR, 
second byte and the contents of the stack pointer LDA, MPY, ORA, SBC, STA 
specifies 2 adjacent bytes in memory. The value 
obtained by adding the contents of these bytes 
and the contents of the index register Y specifies 
address of the actual data in memory bank-DT 
(DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the 
index register Y generate a carry, the bank num- 
ber will be 1 larger than the contents of the data 
bank register. 

: Mnemonic [Machine code ex. - Mnemonic Machine code: 
ADC A,(1EH, S), Y 7316 1E46¢ ADC A,(1EH, S), Y 7346 1E:6 
(m=1, x=1) (m=0, x=1) 

Memory Memory 
Bank 04. Bank 046 
Index register Y 125216 | DATA 101m) Index register Y 
tase | oarertnas |} +L_ete] = 174 nee | LD Teb= 127. 


ee 


Op Code (734.¢) 


Operand (1E,,) 





Stack pointer 


[ 123416 | + 


ce ce ee 






Op Code (73;,) 


Operand (1E4,) 


Data bank 
a pee ees Data bank As-A+C+ register 
A-A+C+ register DATAn | DATA, | <— | [DT] 12E7,, 
DATA | <— | [DT }1267, <——_ ame. 
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ex. > Mnemonic Machine code. 
ADC A, (1EH, S), Y 7346 1Ei6 
(m=1,x=0) 
Memory 


Bank O16 


Index register Y 
1252,g |__DATA I (0116) TOE] = 10267. 


1253,, DATA II (124.) 


Stack pointer 
‘: 


Data bank 
register 


A+A+C+| DATA] = [DT |+1, 02E7,, 













ex. ; Mnemonic Machine code 
ADC A, (1EH, S), Y 7346 1E:¢ 
(m=0, x=0) 
Memory 
1282 pee t 
is ‘8 =102E7 







Op Code (7316) 
Operand (1E4.) 






Stack pointer 


(234. | + 





Data bank 
register 


+1, 02E71¢ 


A-A+C+] DATA, | DATA, -| 
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Mode : Block transfer addressing mode 
Function _—_: The instruction’s second byte specifies the trans- Instruction :-MVN, MVP 
fer-to data bank, and the contents of the index 
register Y specify the transfer - to address within 
the data bank. The instruction’s third byte speci- 
fies the transfer-from data bank, and the contents 
of the index register X specify the address in the 
data bank where the data to be transferred is 
stored. The contents of the accumulator A consti- 
tute the number of bytes to be transfeered. Upon 
termination of transfer, the contents of the data 
bank register will specify the transfer-to data 
bank. The MVN instruction is used for transfer to 
lower address location. In this case, the contents 
of the index registers X and Y are incremented 
each time data is transferred. The MVP instruc- 
tion is used for transfer to higher address loca- 
tion. In this case, the contents of the index regis- 
ters X and Y are decremented each time data is 
transferred. The block of data to be transferred 
may cross over the bank boundary. 
ex. - Mnemonic Machine code 
MVN 0E2H, 0E5H 54,, E2,, E54, 
Before transfer After transfer 
Memory Memory 
. E25678,, 
! 
A 008s Op Code(54;5)_|ALFFFFic_| 
x [1234,6 | Operand (E24.) X{123716 | 
V [ 5678, | Operand (E546) v | 567, | 
DT/ E2,, 
| 
DATA I 
DATA Il 
DATA Il 
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ex. : Mnemonic Machine code 
MVP 0E5H, 0E2H 44,, E516 E216 
Before transfer After transfer 
Memory Memory 





DATA I 









DATA Il Bank E246 
DATA II E2567Ai¢ 

ea ee A[ 0003;, A[ FFFFig 

Op Code( 444.) X{_ 567Ai6 X|_ 567716 

Operand (E54) y Y[ 1233), 

Operand (E2,,) DT DT 
Bank E54. 
E51236,, 
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MACHINE INSTRUCTIONS 


Symbol Function - 










ADC 
(Note 1,2) 


Acc,C + Acc tM+C | Adds the carry, the accumulator and the memory contents. 
The result is entered into the accumulator. When the D 
flag is “O”, binary additions is done, and when the D flag is 
“1”, decimal addition is done. 





AND Obtains the logical product of the contents of the accumu- 
(Note 1,2) lator and the contents of the memory. The result is en- 
tered into the accumulator. 





ASL m=0 Shifts the accumulator or the memory contents one bit to 

(Note 1) [C]{ bis] ---] bo +-0 the left. “O” is entered into bit 0 of the accumulator or the 
memory. The contents of bit 15 (bit 7 when the m flag is 
“1”) of the accumulator or memory before shift is entered 
into the C flag. 










m=! 


[c]~{ bz] [bo }+~-0 





Addressing mode 


E 
o 
2 
x< 
9 
a 
~< 


n\# op 
2/2 
42 
65 


RR S| 
~{[ of al of As | 


[om] 
fez) 


es ee ee 
SS SS ee ee 


of 
> PM 












BBC Taboo ? Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “0”. 


BBS Mb=1? Tests the specified bit of the memory. Branches when all 
(Note 3,5) the contents of the specified bit is “1”. 
c=0? 


BCC 
(Note 3) 


BCS Cc=1? Branches when the contents of the C flag is “1”. 
(Note 3) 


BEQ Branches when the contents of the Z flag is “1”. 
(Note 3) 


BMI N=1? Branches when the contents of the N flag is “1”. 

(Note 3) 
BNE z=0? Branches when the contents of the Z flag is “0”. 

(Note 3) 
BPL N=0? Branches when the contents of the N flag is “O”. 

(Note 3) 


PC+-PC toffset 
PG+-PG+1 





Branches when the contents of the C flag is “0”. 











Jumps to the address indicated by the program counter 
plus the offset value. 





(carry occured) 
PG-PG—1 
(borrow occured) 











BRK PC+-PC+2 Executes software interruption. 00|15 
M(S)+-PG 
$+S—1 
M(S)*-PCy 
$+-S-—1 
M(S)+-PC_ 
S+S—1 
M(S)+-PSy 
S+S-—1 
M(S)+-PS- 
S+S—1 
i] 
PC,*ADL 
PCys-ADy 
PG+-001¢6 


BVC V=0? Branches when the contents of the V flag is “0”. 
(Note 3) 
BVS V=1? Branches when the contents of the V flag is “1”. Ag 








(Note 3) 


CLB 
(Note 5) 


Mb+-0 Makes the contents of the specified bit in the memory “0”. 





CLC C+-0 Makes the contents of the C flag “0”. 








CLI I+-0 Makes the contents of the | flag “O”. 








CLM m0 Makes the contents of the m flag “0”. D8 
CLP PSb~-0 


Le) 


Specifies the bit position in the processor status register by the bit 
pattern of the second byte in the instruction, and sets “O” in that bit. 


< 
t 
oO 


CLV 





nes) 2 
a + 


Le) 





Makes the contents of the V flag “O”. ee 2|1] | | 
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CMP Acc—M Compares the contents of the accumulator with the contents of D2 
(Note 1,2) the memory. 
42) 8 | 3 142) 9} 3 142110] 3 
D2 Cl DI 
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Symbol 


Addressing mode 
Function 
CPX 


X-M Compares the contents of the index register X with the 2|2 
(Note2) | — contents of the memory. 
CPY Y—M Compares the contents of the index register Y with the 
(Note 2) contents of the memory. 
DEC Acc*-Acc71 or 
(Note 1) | M*-M—1 
















DEX 


bi 
m 
~< 
~< 
t 
< 
i 










DIV 
(Note 2,10) 


A(quotient)+-B,A/M 
B(remainder) 


The numeral that places the contents of accumulator B to the higher order and the 
contents of accumulator A to the lower order is divided by the contents of the memory. 
The quatient is entered into accumulator A and the remainder into accumulator B. 








EOR 
(Note 1,2) 


Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory. The result is 
placed into the accumulator. 


































INC 
(Note 1) 


Acc*-Acct1 or 
M +M-+1 


Increments the contents of the accumulator or memory by 
1. 












X+-X+1 Increments the contents of the index register X by 1. es] 2] 1] | 
2|i | | 


INX 
Y+-Y-+1 Increments the contents of the index register Y by 1. a 
JMP 


ABS Places a new address into the program counter and jumps 
PC, + AD, to that new address. 
PCy is ADy 





ABL 

PC, + AD, 
PCy + ADy 
PG+ADg 





(ABS) 
PCL —(ADy, AD,) 
PCy *(ADy, AOL +1) 





L(ABS) 

PC. (AD, AD,) 
PCy —(ADH, AD,+1 ) 
PG +(ADy, ADL +2) 








(ABS, X) 

PC, —(ADy, ADL+X) 

PCy —(ADy, AD, +X 
+1) 



















JSR ABS 
M(S)+- PCy 
S-S-—1 

M(S)+ PC, 
S+S-1 

PC, + AD, 
PCy + ADy 








Saves the contents of the program counter (also the con- 
tents of the program bank register for ABL) into the stack, 
and jumps to the new address. 































ABL 
M(S)+- PG 
S-S—1 
M(S)+- PCy 
S-S—1 
M(S)+-PC, 
$+ S-] 
PC, + ADL 
PCH + ADy 
PG + ADg 






















































(ABS, X) 
M(S)+- PCy 

S+S—]1 

M(S)+ PC, 

S+S—-1 | 

PC, (AD, ADL+X) 
PCy + (ADy, ADL +X 
+1) 
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Processor status register 





Addressing mode 


(ABS) 
| 
6C| 4 | 3 
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Addressing mode 








Details 


> 
Q 
D 
x 
Qo 
wv 
< 
s) 
Bs) 
o 
P 
cas 
oc 
fas 
=2 


_ 
LDA Acc ~M 
(Note 1,2) 


Cc 
LDM M<- IMM 
(Note 5 


) 
LDT DT IMM 


LDX XM 
(Note 2) 
LDY Y*+M Enters the contents of the memory into index register Y. 
(Note 2) 
m=0 


LSR Shifts the contents of the accumulator or the contents of 
(Note 1) 0—-[bis| [bo ec the memory one bit to the right. The bit 0 of the accumula- 
m=] 


tor or the memory is entered into the C flag. “O” is entered 
0-+{_b7|--- [bo /+c 





Enters the contents of the memory into the accumulator. 







Enters the immediate vaiue into the memory. 










Enters the immediate value into the data bank register. 


CS 
Ss SE 


BiLSBi [ss 





Enters the contents of the memory into index register X. 





BS 
nm 




























into bit 15 (bit 7 when the m flag is “1”.) 















MPY 
(Note 2,11) 


MVN Mn+i—Mm-ti 
(Note 8) 


Multiplies the contents of accumulator A and the contents of the mem- 6 3 
ory. The higher order of the result of operation are entered into accu- 


mulator B, and the lower order into accumulator A. 






Transmits the data block. The transmission is done from 
the lower order address of the block. 













las <) 


















































































MVP Transmits the data block. Transmission is done form the 
(Note 9) higher order address of the data block. 

NOP PC+-PC+1 Advances the program counter, but performs nothing else. el ea Fail ae Ee Lace aay 
ORA Acc*-AccVM Logical sum per bit of the contents of the accumulator and ia 15)5} 2 12)6 | 2401) 74211 2 
(Note 1,2) the contents of the memory is obtained. The result is en- 

tered into the accumulator. 421 4 4216/3 4217) 3 42! 8 | 3142) 9 | 3 142110) 3 
09 05 15 12 01 | 
PEA The 3rd and the 2nd bytes of the instruction are saved into 
the stack, in this order. 
PEI M(S)+-M((DPR)+IMM | Specifies 2 sequential bytes in the direct page in the 2nd 
byte of the instruction, and saves the contents into the 
stack. 
EAR*-PC-+IMM2,IMMy Regards the 2nd and 3rd bytes of the instruction as 16-bit 
M(S)+-EARy numerals, adds them to the program counter, and saves 
S+S—1 the result into the stack. 





M(S)*-EAR, 



















Saves the contents of accumulator A into the stack. 




















Saves the contents of accumulator B into the stack. 
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Processor status register 


nt [oma fal & [ewinf ex olf [e[ [3/2 [e 





IPL iii 


















































Toes, mode 


ca 
BF 
ii 
IF 


ABL 
a0 
P|’ 

a 
ag 





cee SUL aE ee cee a we SC ie ae el SOE pe ee ee en ie OR ee ote Pete ALS Se 
co DBE SE Re (a Ra 277 Ae (emir ee (2 Uae (ADR) (Rn [age OC (Cee 
SE a a NO ee a el 
Co ee a SS a en ret ee Oe ae ee ete eee ee at ee ee ee 
pel Bo) OS a = Ol” Rn (CO == EO) [°F Cec nT (Oe (Pm en 
FG Es (aa (rer Sa a ae FS ae es erro 1 eae eee (IEE ee Peer em ee Perea rereerer eet 
Ee aaa A ER a a eS aa (ar cane (ee ee ee ee See en 
SEE eet [aero ST, JENP ORES [og et CQ (Falco Pemco ( RAR S MP (QOS Men fer em PN Ro (PNR (ea ec ee 





L(DIR),Y 
“Flenl 
le 
17 
Ber 
17/1 
4211 
17 


_ ~ 








89 


a a a ae ee es es ee 


are She 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MACHINE 
INSTRUCTIONS | 





: 
Q 
Pad 
x< 
o 
ra 
~< 
Qo 
oe 
=) 
mS) 
= 
Ss 
= 


Addressing mode 
Symbol Function Details 
#|op|n| lop ol 


M(S)+-DPRy Saves the contents of the direct page register into the 
$-S—1 stack. 


M(S)+DPRL 
S+-S—] 


M(S)+-PG Saves the contents of the program bank register into the 
S+-S—1 stack. 


M(S)+-PS, Saves the contents of the program status register into the 
S-S—1 stack. 





M(S)+-PS;, 
S+-S—1 


PHT M(S)+-DT Saves the contents of the data bank register into the 
S+-S—1 stack. 









x=0 
M(S)—Xy 
S-S-—1 

M(S)*-X, 
S-S—1 


PHX Saves the contents of the index register X into the stack. 














x=] 
M(S)+-X, 
S+S—1 







PHY x=0 Saves the contents of the index register Y into the stack. 
| M(S)*-Yp 
S+S—] 
M(S)*-Y, 
S~-S~—1 





x=] 
M(S)*+-Y, 
S+-S—! 


PLA 






Restores the contents of the stack on the accumulator A. 
S+-S+] 
AL*+-M(S) 
S+S+] 
Au*-M(S) 


m= 
S+-S+1 
A.+-M(S) 


PLB =0 







Restores the contents of the stack on the accumulator B. 






S+-S+1 
DPR. +-M(S) 
S+S+] 


DPRy+-M(S) ATE fill TATE 
S+-S+1 Restores the contents of the stack on the processor status 

PS_+-M(S) register. 

S+S+] 

PSH*-M(S) 


PLT S+St+1 Restores the contents of the stack on the data bank reg- 
DT+-M(S) ister. 


| PLX Restores the contents of the stack on the index register X. TTT 


pes afte MiTsuBISH 
. ELECTRIC 


PLD 






Restores the contents of the stack on the direct page reg- 
ister. 


















PLP 
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Processor status register 


Value saved in stack. 




























































































Addressing mode 














va 

<= 

FG (an FREE a race (pM ome PT (tr go Unt ee DEN, Np oe ERRGT (OREO | ean (EPI) Pn ey ey] 
See 

a) 

a 
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> 
o 
Pa 
x< 
= 
a 
< 
o 
= 
=) 
Pos 
Ea 
=) 
= 
t 


Addressing mode 
Symbol Function 


x=0 Restores the contents of the stack on the index register Y. 









S-Stl 
Y_+-M(S) 
S-S+1 
Yu*-M(S) 









x= 
S+S+1 
YL*-M(S) 







PSH M(S)+A, B, X= Saves the registers among accumulator, index register, 
(Note 6) direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack. 


the bit pattern of the second byte of the instruction. 


RLA m=0 Rotates the contents of the accumulator A, n bits to the 
(Note 13) | n bit rotate left left. 
m=] 
n bit rotate left 
[by] To | 
ROL =0 Links the accumulator or the memory to C flag, and rotates 
(Note 1) 
[bis] ---| bo |-[C] 
=] 


m 
result to the left by 1 bit. 
m 
ROR 


| b7 {~~ [bo |+-[C] 
(Note 1) 


PUL A, B, X---+-M(S) Restores the contents of the stack to the registers among 
(Note 7) accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 





















m=0 


[Ce] bis} ~~ bo | 


m=1 
[C]-|_b7]--- [bo | 


S+S+1 Returns from the interruption routine. 
PS_*-M(S) 

S+-S+1 

PSy*-M(S) 

S+S+1 

PC_+-M(S) 

S+S+1 

PCy*-M(S) 

S+S+1 

PG--M(S) 


S-S+1 
PC,+-M(S) 
S+S+1 ; 
PCy+-M(S) 
S+St+1 
PG<—M(S) 


Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit. 



















Returns from the subroutine. The contents of the program 
bank register are also restored. 








la 
42| 4) 3 42/6 | 3 42)7 | 3 42 42/10) 3 
Eg E5 F5 F2 FI 





S+-S+1 Returns from the subroutine. The contents of the program 5 
PC.+-M(S) bank register are not restored. 
S+S+1 . 


RTS 
PCy+-M(S) 
SBC Acc, C+Acc—M—C Subtracts the contents of the memory and the borrow from 
(Note 1,2) the contents of the accumulator. 





jes, Bi] 
~™ 
a es ae 





Se 
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Lon [om ves [ass amar [awa] aac [aacx] ons [asses] src [wa [oman ema] ow [om] ax fola]o]|6|s|«]3]2[ [0 
EREaOE ACBL aes Becbtsslle n| bol ofalelolela]o[z| ieu_[wivim[xlo| [2 [6 
mle 2 
iss 
f % 2 i restored the contents of PS, 
it becomes its value. Pog the 
fs LE case is no Pog 
ra th i 
Hr PRC AR rT iudi 
eel ele en 
FF F3 


| | | | ap 
alata laa) el 4 |a2 5 
rh FD FS EF 
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Symbol 


™_ me Ta eas ant ae 
zi 
SEB 


Mb<-1 Makes the contents of the specified bit in the memory “1”. 
(Note 5) 


SEC c-1 Makes the contents of the C flag “1”. 3 
Makes the contents of the | flag “1”. 
Makes the contents of the m flag “1”. 


PSb+-1 Set the specified bit of the processor status register’s low- 
er byte (PS_) to “1”. 


t 


t 


STA 
(Note 1) 


M~Acc 


Stores the contents of the accumulator into the memory. 





STX MX Stores the contents of the index register X into the memory. 


STY Ms-Y Stores the contents of the index register Y into the memory. 


TAD DPR-A Transmits the contents of the accumulator A to the direct 
page register. 


TAS S+A Transmits the contents of the accumulator A to the stack pointer. 1 


TAX XA Transmits the contents of the accumulator A to the index JAA| 2} 1 
register X. 

TAY Y-A Transmits the contents of the accumulator A to the index JA8| 2 
register Y. 

TBD DPR*-B Transmits the contents of the accumulator B to the direct /42 4 |2 
page register. 5B 

TBS S—-B Transmits the contents of the accumulator B to the stack }42/ 4|2 
pointer. 1B 

TBX X-B Transmits the contents of the accumulator B to the index /42 
register X. AA 

TBY Transmits the contents of the accumulator B to the index }42 
register Y. A8 

TDA A-DPR Transmits the contents of the direct page register to the |7B| 2 
accumulator A. 

TDB B-DPR Transmits the contents of the direct page register to the /42 
accumulator B. 7B 


TSA AS Transmits the contents of the stack pointer to the accumulator A. 13 


TSB B-S Transmits the contents of the stack pointer to the accumu- |42 

lator B. 3B 

TSX XS Transmits the contents of the stack pointer to the index |BA 
register X. 


Stops the oscillation of the oscillator. DB 3 


< 
oO 





TXA At-X Transmits the contents of the index register X to the accu- [8 
mulator A. 


TXB Be-X Transmits the contents of the index register X to the accu- |42 
mulator B. ; 8A 
















TXS S+-X Transmits the contents of the index register X to the stack 2 
pointer. 

TXY YX Transmits the contents of the index register X to the index 2 
register Y. 

TYA AY Transmits the contents of the index register Y to the accu- 


i mulator A. 


Transmits the contents of the index register Y to the accu- |42 

mulator B. — 198 

Transmits the contents of the index register Y to the index {BB 
register X. 


_ 


< 


> w 
t 
< 


x< 


i 
°°) 





Pe i a a ae ee ON in| sos eer le ri 


WIT Stops the internal clock. 
XAB ASB Exchanges the contents of the accumulator A and the con- |89 
tents of the accumulator B. . 28 
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rv] eux [tol 9|e|7/6|5/4/3]2| 1/0 





ofa |st] vee [wlv|em|x|0] 12 [op 


ees (RES RN OS Fae Fed emia eae aes a ee eee Se ee) ee a ee ee ee 
(a DR FS ae Ta Ree a OPT ae (eT Wea (ae (Ae need (Eee (ae, (pee a eee (eee ee ee ee es ee 
Ee er ee ee Ee A ae RS a a a ae es ee es ee ee ee ee 
Se Bg ST Gn EN ES me (ma ee ee ee (Gs a Cai ene en eC 
a Ss OS We (ee ae eR Ge ees eee Eaieaee eea etee eee ee ea 

ES a a a a a a a a a a a a a ee ee es ee ee ee 

A a ce es eM a ge |e ce Fe a eee a Nee ee oe ee ee 


7 Sa Cm nm See | me Ge eee ure mm em (Sy Rel Oe PSR (FS 
elite Pa ew ele elie lee ee ee ee eee cell = al gee ee a ace Ce ae dis 
6) EES Ea FRR (eat ane (Rae eee 0 ea ae a (as Fe ea ea ce ieee GT eee Dea (ae ae Fe ee eC ae es 
7 A SN MPa oC a PC RR GS! Cle em Sm | ec (PME ESSN (SDR) (RSV Oe DE te a a 


Specified flag  be- 
comes “1”. 


Pie aes el ese] ees 





cal & [es 















































foaee pp fp ep eb Pf ft ttt 
ea ve tt a 
A 3 ee eT || (AS AS SSR eee) (SA (ied Seen! (a ed eee ene aa eee (ceed onions (eeaee cieeecral Ee es 
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<x N 
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Symbols in machine instructions table 






Implied addressing mode 





IMM 
A 
DIR 
DIR, b 
DIR, X 


Immediate addressing mode 








Accumulator addressing mode 





Direct addressing mode 








Direct bit addressing mode 





Direct indexed X addressing mode 

















DIR, Y Direct indexed Y addressing mode 

(DIR) Direct indirect addressing mode 

(DIR, X) Direct indexed X indirect addressing mode 
(DIR), Y Direct indirect indexed Y addressing mode 

L (DIR) Direct indirect long addressing mode 

L (DIR), Y Direct indirect long indexed Y addressing mode 





ABS 
ABS, b 
ABS, X 
ABS, Y 
ABL 


Absolute addressing mode 









Absolute bit addressing mode 





Absolute indexed X addressing mode 





Absolute indexed Y addressing mode 








Absolute long addressing mode 












ABL, X Absolute long indexed X addressing mode 
(ABS) Absolute indirect addressing mode 

L (ABS) Absolute indirect long addressing mode 
(ABS, X) Absolute indexed X indirect addressing mode 


STK 
REL 
DIR, b, REL 
ABS, b, REL 
SR 

(SR), Y 


Stack addressing mode 








Relative addressing mode 










Direct bit relative addressing mode 
Absolute bit relative addressing mode 










Stack pointer relative addressing mode 


Stack pointer relative indirect indexed Y addressing 
mode 





BLK Block transfer addressing mode 
Carry flag 

Zero flag 

Interrupt disable flag 

Decimal operation mode flag 
Index register length selection flag 
Data length selection flag 
Overflow flag 


Negative flag 


r 


Processor interrupt priority level 
Addition 
Subtraction 


+5 2<3* O-NO 











Multiplication 





Division 
Logical AND 
Logical OR 





<>\ * 














































Exclusive OR 

Negation 

Movement to the arrow direction 
Accumulator 

Accumulator’s upper 8 bits 
Accumulator’s lower 8 bits 
Accumulator A 

Accumulator A’s upper 8 bits 
Accumulator A’s lower 8 bits 
Accumulator B 

Accumulator B’s upper 8 bits 
Accumulator B’s lower 8 bits 
Index register X 

index register X’s upper 8 bits 
Index register X’s lower 8 bits 
Index register Y 

index register Y's upper 8 bits 
Index register Y’s lower 8 bits 
Stack pointer 

Program counter 

Program counter’s upper 8 bits 
Program counter’s lower 8 bits 
Program bank register 

Data bank register 

Direct page register 

Direct page register’s upper 8 bits 
Direct page register’s lower 8 bits 
Processor status register 
Processor status register’s upper 8 bits 
Processor status register’s lower 8 bits 
Processor status register’s b-th bit 


Contents of memory at address indicated by stack 
pointer 


b-th memory location 

Value of 24-bit address’s upper 8-bit (Ao3~ Aig) 
Value of 24-bit address’s middle 8-bit (Ais~Ag) 
Value of 24-bit address’s lower 8-bit (A7~ Apo) 
Operation code 

Number of cycle 

Number of byte 

Number of transfer byte or rotation 

Number of registers pushed or pulled 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction. The number of cycles shown in the table is 
calculated for DPR_=0. The number of cycles in the addressing mode concerning the DPR when DPR, +0 must be incremented by 1. 

The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even. It also differs when the external region memory is accessed by BYTE=“H”. 

Note 1. The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B. 

Note 2. When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


Note 3. The number of cycles increments by 2 when branching. 


Note 4. The operation code on the upper row is used for branching in the range of —128~+127, and the operation code on the lower row is used for 
branching in the range of —32768~+ 32767. 


Note 5. When handling 16-bit data with flag m=0, the byte in the table is incremented by 1. 


Note 6. 


| Type of register | A | B | X | Y | DPR| DT | PG | PS | 
[Number ofcycles]| 2 | 2 | 2 | 2 | 2) 1 | 1 [ 2 | 


The number of cycles corresponding to the register to be pushed are -added. The number of cycles when no pushing is done is 12. i, indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while iz indicates the number of registers among DT and PG to be saved. 


Note 7 





The number of cycles corresponding t 
number of registers among A, B, X, Y, 


the register to be pulled are added. The number of cycles when no pulling is done is 14. i, indicates the 
T, and PS to be restored, while iz=1 when DPR is to be restored. 


oo 


Note 8. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 


7+ (i/2) X7+4 
Note that, (i/2) shows the integer part when i is divided by 2. 


Note 9. The number of cycles is the case when the number of bytes to be transfered is even. 
When the number of bytes to be transfered is odd, the number is calculated as; 


9+ (i/2) X74+5 
Note that, (i/2) shows the integer part when i is divided by 2. 
Note 10. The number of cycles is the case in the 16-bit+8-bit operation. The number of cycles is incremented by 16 for 32-bit+ 16-bit operation. 
Note 11. The number of cycles is the case in the 8-bitX8-bit operation. The number of cycles is incremented by 8 for 16-bit X 16-bit operation. 
Note 12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1. 


Note 13. When fiag m is 0, the byte in the table is incremented by 1. 
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CODE TABLE 


SINGLE-CHIP 16-BIT CMOS MICROCOMPUTER 


INSTRUCTION CODE TABLE-1 
ORA | SEB ASL | ORA SEB | ORA | ASL | ORA 
A,SR | DIR,b | A,DIR | DIR |A,L(DIR) ABS,b | A,ABS | ABS | A,ABL 
ORA | ORA | CLB | ORA | ASL | ORA ORA DEC ORA ORA 
TAS 

ME ET AS DIR ESE DIR,b /A,DIR,X! DIR,X |A,L(DIR),Y! A,ABS,Y A,ABS,X| ABS,X |A,ABL,X 

ROL 

BS 











000 


© 





Hexadecimal! 
notation 





ohh 


ow o w eo] 
Oo < < G 
> 
=) 
ae 
Le 
ie 


3) 
> 


= 
Oo N 
Bs) 


0000 


> 
Sis S 
> s) 
Pd 


z 3 
= 
oa 
” 
Pm 





CLC 
B 
ROL | AND O 
ABS ae X)} ABL | A,SR |DIR,b,R| A,DIR | DIR Or A,ABS A,ABL 
BBC ROL BBC ROL 

SEC 

ee DIR,b,R/A,DIR,X} DIR,X JA ie . ABS,b,R|A,ABS,X/ ABS,X |A,ABL,X 

LSR LSR | EOR 
A,SR A,DIR | DIR |A,L(DIR) A,IMM ABS |A,ABS| A A,ABL 


0011 3 


EOR | EOR | EOR EOR | LSR | EOR LSR | EOR 
Ginatbilatene A,DIR,X DIRX {A L(DIR),Y ABL._|A,ABS,X| ABS,X |A,ABL,X 
ADC | ROR } ADC 
ABS) A,ABS| ABS | A,ABL 
DC ADC 
(ABS,X) |A,ABS,X! ABS,X |A,ABL,X 


> 
—~ »> 
Zo 
“1s © 
2 3 
o 

> O 


LDM DC | ROR | ADC 
A,DIR | DIR [A,L(DIR) 
ADC |; ADC ADC LDM ADC | ROR ;} ADC 
A,(DIR),Y ate A,(SR),Y¥} DIR,X |A,DIR,X! DIR,X JAL(DIR),Y 
ST STY STA STX STA 
DEY TXA 
REL |A,(DIR,X) REL A,SR A,DIR A,L(DIR) 
STA STA STA = STA = STA 
et woe ee DIR,X |A,DIR,X;} DIR,Y su0Ee 
IMM OR IMM ool Fe ed A,DIR birt A,IMM acc 
CLV 
A,(SR),¥} DIR,X |A,DIR,X| DIR,Y |AL(DIR)Y A,ABS,Y 
CPY 
A,DIR Ao DIR eine 
DEC | CM CMP 
CLM 
A,DIR,X} DIR,X |AL(DIR),Y A,ABS,Y 
CPX | SBC INC SBC SBC 
A,DIR A,L(DIR) A,IMM 
SBC INC SBC SBC 
SEM 
A,DIR,X} DIR,X [AL(DIR), A,ABS,Y 
Note 1 : 42,6 specifies the contents of the INSTRUCTION CODE TABLE-2. 
About the second word’s codes, refer to the INSTRUCTION CODE TABLE-2. 


2: 8916 specifies the contents of the INSTRUCTION CODE TABLE-3. 
About the third word’s codes, refer to the INSTRUCTION CODE TABLE-2. 


> 


> 


1000 


” 
+ 
> 


STY | STA | STX | STA 
ABS A,ABS oe A,ABL 
STA STA 

ABS AABS. ABS,X |A,ABL,X 

ii ABS,X| ABS,Y |A,ABL,X 


CMP 





1001 


1011 








A(DIR), YIA,(DIR)IA 




















~ABS | A,ABS| ABS | A,ABL 


CM DEC | CMP 
L(ABS)|A,ABS,X| ABS,X |A,ABL,X 
CPX ; SBC | INC | SBC 

A,ABS;| ABS | A,ABL 
JSR | SBC | INC | SBC 
(ABS,X) |A,ABS,X| ABS,X |A,ABL,X 


1101 


1110 
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PRECAUTIONS 

This chapter describes PRECAUTIONS about the single-chip 
16-bit microcomputers MELPS 7700. 

These precautions are intended for each group which is 
printed in this book(refer to Figure 1). 


MELPS 7700 ——— 7700 series 


M37702 group 
M37703 group 
M37704 group 
M37705 group 
M37708 group 
M37710 group 
M37720 group 
M37730 group 
M37732 group 





Fig. 1 7700 series 


1. NOTES ON SOFTWARE 

W@ Notes on using instructions 

When programming to the MELPS 7700, the remark de- 
scribed below applies when any of the instructions of the 
Table 2 is at the most - significant address of the bank or is 
spread over the bank boundary. 


Table 2 Instructions needing notes 


Absolute Indirect 





Absolute Indexed x Indirect 


[ Note ] 

When any of the above instructions, which do not set the pro- 
gram bank register (PG), is at the most - significant address of 
the bank or is spread over the bank boundary, the content of 
the program bank register (PG) is automatically incremented 
by 1 when a carry is generated by incrementing of the pro- 
gram counter’s (PC) content. 

An example where the JMP absolute instruction is placed at 
the most - significant address of a bank is shown in the Figure 
2: 


Absolute 


Machine Code 
4C161416ACi6 


ex. : Mnemonic 
JMP O0AC14H 


000016 


IPGJAC1 416 


Op Code(4Cie) 
Operand(1 416) The contents of PG 


Operand(ACie) FFFFi6 


Bank boundary 


Address to be [: “| [Pasilaci4 
executed next.t: oy POAC 1416 
Program bank register contents 
are affected. 


Bank PG+1 


Timing 
@ ceu 
The content of PG is incremented by 1 


AP (cPU) 


Bank PG 


AHA CPU} 


DATAicPeu; 
Memory Address [PG)FFFO.s (PG)FFFE:6 (PGJFFFFis (PGZ1}AC1 416 


R/Wiceu; H 





Fig. 2 Example where the JMP absolute instruction is placed at the most - significant address of a bank 
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Mi The influence of the m and x flags when 


MVN/MVP instructions are executed 
The block transfer instructions (MVN and MVP) are affected 
by the m and x flags, and care must be taken regarding the 
status of these flags when block transfer instructions are ex- 
ecuted. The influence of the m and x flags when. block transfer 
instructions are executed are described below. 


@m flag ............ Affects the number of bytes transferred (the 
transfer units are not affected by the m flag). 
‘When m=0: 
The maximum number of bytes that can be transferred is 
65535. 
“When m=1: 
The maximum number of bytes that can be transferred is 
255. 


@x flag .. Affects transfer source and destination addresses. 
‘When x=0: 
The values (016 to FFFF16) to be used as the transfer 


¢ MVN instruction (transfer with x = 1) 


When the transfer start address is an even address: 


SS-1:FFFFie{ 
1 sS:000016 f& 
SS 000116 E 
SS : 000216 & = eee 
SS 1000316 Fase 


Transfer direction 


OOFC16 Beers 
:O0FDi6 & 
:Q0FE16 Bases 
:OOFFis FES 
010016 

SS :010116 


Transfer source bank 


¢ MVP instruction (transfer with x = 1) 
When the transfer start address is an even address: 


Lm = 


8-2: FFFFi6 f : : 


source and destination start addresses can be set into the 
X and Y registers. The bank will be incremented or decremented 
in accordance with the transfer, so there is no need to be 
conscious of the bank boundaries. 

When x =1: 

The values (016 to FF16) to be used as the transfer source 
and destination start addresses can be set into the lower 
byte of the X and Y registers. However, when the transfer 
will cross the FF16 and 0016 address boundaries, you must 
pay attention to the transfer region, and for this reason we 
recommend that you use the block transfer instruction with 
x = 0 (operation of the block transfer instruction with x = 1 
and the situation above is shown in the Figure 3). 


The Figure 3 indicates the operation of the MVN and MVP 
transfer instructions when x =1, and the transfer crosses the 
boundary of XXFFi6 and XX0016. 

The same transfer operation (address change) is performed 
on both the transfer source and the transfer destination, so 
here we only illustrate the transfer source transfer operation. 


When the transfer start address is an odd address: 


: FFFF 16 
: 000016 
000116 & 
000216 ES 
000316 Eé 
000416 : 


ees | (n+2)th transfer 


— | (n+3)th transfer 


ransfer direction 


SS : OOF Di16 ae 
SS: OOF E16 EE 

SS -OOFFis EE 

SS :01001 Eee 
SS : 010116 


SS~2 | FFFF16 
SS—1 000016 Fesss 
SS-1 000116 FE 


Transfer direction 


SS-1 : 0OFD16 Fee) | (ns2yth transter 
SS-1 :OOFE16 pss 


SS-1 : 00FF16 


percent | (n+1)th transfer 
000016 BRstecces 


‘a eM a"anae a" Qe 
TIN Jn th transfer 


000216 f 


SS-1 : OOFDis & 
SS-1 : OOFEt6 £ 
SS-1 : OOFFi6 FE 


FEF 16 

: 000016 : 
:000116 & 
000216 hex 


23] The shaded area indicates the transfer region. 





Fig. 3 The operation of the MVN and MVP transfer instructions when x =1, and the transfer crosses the boundary of 


XXFF16 and XX0016 
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2. NOTES ON TIMER A 
li One - shot pulse mode and PWM mode 


Take note of the following when using timer Ai (i = 0 to 4 ) of 
the MELPS 7700 (timer Aj (j = 2 to 4) on the M37720S1AFP) 
with the one - shot pulse or pulse width modulation mode 
(here after PWM) , and when using the timer Ai (or Aj) inter- 
rupts or interrupt request bit. , 


{ Note ] 

After switching between the modes listed below, the interrupt 
request bit becomes “1”. Therefore, clear the interrupt re- 
quest bit to “0” after switching modes. 


@From timer mode to one - shot pulse mode 

@From timer mode to PWM mode 

@From event counter mode to one - shot pulse mode 
@From event counter mode to PWM mode 


The Figure 4 shows an example of the register settings relat- 
ing to switching from timer or event counter mode to one - 
shot pulse mode. 


Interrupt disabled 
Timer Ai stopped 


Set timer Ai mode register 

@ Set the operating mode selection bits(bit 1,0) to "10" 
@ Set bit 2 to "1" 

@ Select trigger occurrence factor 

@ Sat bit 5 to “O" 

@ Select count source 


Set timer Ai interrupt contro! register 
@ Clear the interrupt request bit(bit3) to “0” 
@ Set interrupt priority level 


; 
Set output pulse width 
@ Set value to the timer Ai register 


t 
Interrupt enabled 
4 


Selecting external trigger Selecting internal trigger 


Set the port direction register Set the count start flag to “1” 


@ Set the corresponding bit to TAin pin to “0” : 


Writing “1” to the one-shot start flag 
( Set the count start flag to“1” } 


' Trigger is generated. 


Effective edge input to TAIN pin 


Count starts. 
Trigger is generated. 


Count starts. 





Fig.4 Example of the register settings relating to switching from timer or event counter mode to one - shot pulse mode 
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Mi Timer A two - phase pulse signal processing 
bits | | 

Use LDM or STA instruction to write to timers A4 to A2 two - 
phase pulse signal processing bits (bit 7 to bit 5 of address 
4416) . Do not use SEB or CLB instruction. 

It is possible to use SEB or CLB instruction to write to timers 0 
A4 to AO up - down flags (bit 4 to bit 0 of address 4416). When 
SEB or CLB instruction is used timers A4 to AO up - down 
flags, the contents of bit 7 to bit 5 do not change. 


Up - down flags : address 4416 


Timers A4 to AO up - down flags 
It is possible to use SEB or CLB instruction. 


| P When SEB or CLB instruction is used 
dee ap ae timers A4 to A2 two - phase signal pro Senere Bato AO up-cdown flagectie 
ain ” : ; contents of bit 7 to bit 5 do not change. 
a. Use LDM instruction when all bits of address 4416 are 
known. 


(ex.) LDM #01100000B, 44H :; Set bit 7 to “0”. Set bit 6 Timers Ad to A2 two - phase pulse 
and bit 5 to “1”. signal processing bits 


Do not use SEB or CLB instruction. 
b. Use STA instruction when all bits of address 4416 are not 
known. 
(ex.) LDM A, 44H ; The contents of address 
4416 are read. 
ORA A, #00100000B ; Set bit 5 to “1”. 
AND A, #01111111B_ ; Clear bit 7 to “0”. Fig.5 Up - down flags 
STA A, 44H : Write to address 4416. 





3.NOTES ON A-D CONVERTER 


i Setting of unused pins 
Connect the AVcc pin to Vcc when it is not used. 


Figure 6 shows the setting example of unused pins with the 
M37702 group. 


(1) Single-chip mode (2) Memory expansion and microprocessor mode 


PS-PB 
(Input'mode) 


Ports Paa-Pa, 





Vss 


Note 1. When external clock is input to XIN pin. Note 2. When BYTE=“H”. 
Note 3. When BYTE=“H” and address space is 64K bytes. 
Note 4. When external clock is input to XIN pin. 


Fig.6 Setting example of unused pins with M37702 group 
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4. NOTES ON SERIAL I/O 
li Clock synchronous serial I/O ( selecting ex- 


ternal clock) 

In case using external input clock for the clock synchronous 
serial I/O and start transmitting/receiving from halt state, per- 
form the following @, @ setting for starting transmitting/receiv- 
ing when the external input clock is at “H” level. 

However, when setting the next data to transmit data continu- 
ously, it is impossible that the external input clock is at “H” or 
"L” level. 


@ Set the UARTIi transmit/receive control register 1 
eTransmit enable bit 
Set the bit 0 to “1”. 
*Receive enable bit 
Set the bit 2 to “1”. 


@ UARTI transmission buffer register 
Set transmit data in UARTi transmission buffer register. 


ry 
Receive 


[ Note 1 ] 

In case the transmitting/receiving starts when the external in- 
put clock through the CLKi pin is at “L” level by noises and so 
on, the following may occurs. 

Be sure that noises do not generate on the external clock line. 


-Transmitting 

The transmission register empty flag (which is the bit 3 in 
the UARTIi transmit/receive control register 0) would be 
set to “1” before the external clock is input 8 times. 
Accordingly, the transmit operation completes under the 
condition which is that all data (8 bits) is not transmitted. 
When transmitting continuously, all data is not transmitted 
and the next contents of the UARTi transmission buffer 
register is transferred to the UARTIi transmission register. 
Accordingly, some bits of the next data are transmitted 
with left clocks which were for transmitting the last data. 


“Receiving 

The receive completion flag ( which is the bit 3 in the 
UARTi transmit/receive control register 1) and the inter- 
rupt request bit ( which is the bit 3 in the UARTi receive 
interrupt control register ) are not set to “1” when the exter- 
nal clock is input 8 times or more. 

Accordingly, the receive operation does not complete and 
correct data cannot be read. 


When noises easily generate, it is possible to detect the er- 
rors at transmitting/receiving by the program example shown 
in the Figure 8. 


1 o 
enable bit “0” | 


Transmit : | 
Sn Ae Oi is Write dummy data in UARTI 
8 I : transmission buffer register. 
Transmission “1” \ 
buffer empty 
flag “o” 


“H ve, 


RTSi 
CT) 
V/ 


—e}—_e— 17 Fi 


Establish the data. 


UARTI transmission register 
« UARTI transmission buffer register 


FAD (KOK ONKONKNKOIXONKOr XOXO ONO) 


Read UARTI receive 


Receive at buffer register. 
completion flag “9” ; 


Conditions : External clock is selected as synchronous clock. 
RTS function is selected. 





Fi : External clock frequency 


Fig. 7 Clock synchronous serial I/O timing diagram at receiving (selecting external clock) 
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Select serial I/O 
(Bits 2-0 of UARTi transmit/receive 
mode register) 

Set transmit/receive 

(UARTI transmit/receive control 
register 1) 










transmit/receive 





Disable serial I/O 
(Bits 2-0 of UARTI transmit/receive 
mode register) 

Disable transmit/receive 

(Bits 0 and 2 of UARTi 
transmit/receive control register 1) 



















Disable serial I/O 
(Bits 2-0 of UARTIi transmit/receive 
mode register) 

Disable transmit/receive 

(Bits 0 and 2 of UARTIi 
transmit/receive control register 1) 










restarts 


Note 1. Judge with the receive completion flag (which is the bit 3 in the UARTIi transmit/receive 
control register 1) 

Note 2. Calculate the time with timers in which the transmit/receive should be completed. 
If the transmit/receive does not complete within this time, perform transmit/receive 
again. 


Fig. 8 Program example for detecting errors 
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5. NOTES ON INTERRUPTS 


i Setting of each interrupt control register 
Use the SEB and CLB instructions for setting each interrupt 
control register. 


@ Changing the interrupt priority level 

It is necessary for rewriting the interrupt priority level selection 

bit (Note 1) to take 1 to 4 cycles after executing the instruction 

for it. The number of cycles for rewriting are different with the 

interrupt priority detection time (Note 2). 

Note 1. Selects the interrupt priority level with bit 2 to of each 
interrupt control register. 

Note 2. Selects the interrupt priority level detection time with 
the bits 5, 4 of the processor mode register. 


[ Note ] 

Time enough for changing the interrupt priority level shall be 
taken in case of changing the interrupt priority level of the 
same interrupt sources in a short execution time among a few 
instructions. Therefore, program as the Figure 9. 

Select 2 cycles for the interrupt priority level detection time as 
much as possible. 


SEB _; rewrite the interrupt priority level selection bit 
(level 0-1 to 7) 
: add NOP or instructions which have same cycles 
of NOP (except SEB and CLB) 


(Note.3) 


- rewrite the interrupt priority level selection bit 
(level 1 to 7-0) 


CLB 


Note.3 The number of instructions are different with 
the interrupt priority detection time. 


The number of added instructions 


The interrupt priority The number of added 
detection time instructions 


eC ee a 








Fig. 9 Program example 





WI INTi interrupt (selecting level sense mode) 
When the INTi interrupt is used in level sense, the INTi inter- 
rupt request bit’s function is not available. 


{ Note 1 ] 

The interrupt request is not retained when changing from 
valid level to invalid level if the interrupt request is not ac- 
cepted during valid level. Figure 10 shows the INTi interrupt 
during level sense mode. 


ot (a 
Interrupt (disable 
disable flag | “0” 


(enable) 


Valid 
INTi pin level 
Invalid 


Interrupt enable interval 


This interrupt request is not retained, 
because INTi pin returns to invalid level 
before accepting the interrupt request. 


Fig. 10 INTi interrupt during level sense mode 


[ Note 2 ] 

lf the level of the INTi pin is valid (did not change from valid 
level to invalid level) when returning to the original routine af- 
ter processing an interrupt, INTi interrupt is occurred as shown 
in Figure 11. 


{ Note 3 } 
To change the INTi interrupt from level sense to edge sense, 
set the INTi interrupt control register in the sequence bellow : 


@® Disable INTi interrupt (set the interrupt priority level to level 
0.) 

@ Select edge sense (set the Level sense/Edge sense se- 
lection bit to “O”.) 

@® Clear the interrupt request bit to “O”. 

@ Enable the accepting of INTi interrupt request (set the in- 
terrupt priority level to level 1-7.) 
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Interrupt request is accepted. 


Return to main routine 


Valid . 


INTi pin level 
Invalid 


Main routine ae 


First interrupt Second interrupt Third interrupt Main routine 
service routine service routine service routine 





Fig. 11 Repeating INTi interrupt (level sense mode) 
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MASK ROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROMs in single-chip 
16-bit microcomputers. When placing such order, please 
submit the information described below. 


1. Mask ROM Order Confirmation Form::::::+::--++++°7+: 1 set 
(There is a specific form to be used for each model.) 
2. Data to be written into mask ROM: ::::ss see EPROM 


(Please provide three sets containing the identical 
data. ) 
3 . Mark Specification Form wee S SOPs, 6 o'0!b.8 8G: 81016: oo. w @8b.0) 4 Wee ee eae ees 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Mask ROM Order Confirmation Form may 
be used. 

(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 


Example : Label 





Type 


Identification 
code for each 
of three sets 


MELPS 


From customer 


EPROM 
(3 sets) 


M37702M2 
AXXXFP_ | 


Mask ROM 


Acceptance 


aaa 


(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Mask 
ROM Order Confirmation Form. 

(4) Options 
Refer to the appropriate data book entry and write the 
desired options on the Mask ROM Order Confirmation 
Form. 

(5) Marking specification method 
The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Mask ROM 
Order Confirmation Form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce the mask ROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative. Thus, we 
assume responsibility only when we produce the mask 
ROMs that contain data other than the data correctly pro- 
vided by the customer. 
Mitsubishi Electric corp. uses an automatic mask ROM de- 
sign program to generated the forlling: 

1 : Drafting data for mask ROM production; 

2 : ROM code listing or EPROM for mask ROM produc- 

tion error check work; 

3 : Mask ROM test program. 

The chart below shows the flow of mask ROM production. 


ROM DEVELOPMENT CAD SYSTEM 


Mitsubishi Electric corp. 


NO Mask ROM 


=p automatic design 


program 


¥ 


Mask drafting data ROM test program 


manufacturing 


@ Wafer test 


@ Final test 
Mask ROM 
manufacturing 
process 


@QA test 
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GZZ—SH02—46A< 99A0 > 






name 
* | Customer 
Date 
issued 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
| SINGLE-CHIP 16-BIT MICROCOMPUTER fe 
M37702M2AXXXFP 


Section head| Supervisor 
MITSUBISHI ELECTRIC , 


Note : Please fill in all items marked x 


Responsible ; 
Supervisor 





Company 


Issuance 
signatures 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas P| | i (hexadecimal notation) 
EPROM Type : 





* 2. 


ee ie 


L] 27256 L] 27512 


(1) Set “FF,” in the shaded area. 

(2) Address 04, to 10;, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in. the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





notation. 
Address _ Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[1 STP instruction enable Address 1046 
(1 STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2AXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 7 


*x 4. Comments 
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MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37702M2BXXXFP 
Section head| Supervisor 
MITSUBISHI ELECTRIC &  Slgnature 








Note : Please fill in all items marked 


elieae 
upervisor 
Company officer P 












Issuance 
signatures 


name 
* | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt i [| (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 
L] 27256 L] 27512 (2) Address 0,5 to 104g are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


8 [Option data} 10 


EPROM Type : 














NOOR WMO 
mMOUOW>Y co 





%* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
[] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M2BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 


MITSUBISHI iE 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





 G@ZZ—SH04—65A< 14A0> 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702M2LXXXGP 


MITSUBISHI ELECTRIC % |signature | signature 


Note : Please fill in all items marked>< 
























Responsible : 
name ( ) e S 
Xx | Customer 5 3 
n 
Date L 2 
issued 
* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas | | td (hexadecimal notation) 
EPROM Type : 


(1) Set “FF,,” in the shaded area. 

Address 0g to 10,6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. | 

Address Address Address 












0 8 Option data] 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (10;¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 
[1 STP instruction disable Address 1016 


* 3. Mark specification. ; 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6S Mark Specification Form (for M37702M2LXXXGP) and attach to the Mask ROM Order Con- 
firmation Form. . : 

* 4. Comments 
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GZZ—SH07—35A< 33A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702M2LXXXHP 


MITSUBISHI ELECTRIC a ne 
® 
a 


Note : Please fill in all items marked 


Responsible F 
Supervisor 


Company 
name 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | [| [4] (hexadecimal notation) 


EPROM Type: 
(1) Set “FF,” in the shaded area. 
(2) Address 016 to 10,6 are the area for storing the 
data on model designation and options. This area 

must be written with the data shown below. 

Details for option data are given next in the sec- 

tion describing the STP instruction option. 

Address and data are written in hexadecimal 

notation. . 
Address Address Address 


Option data} 10 















issuance 
signatures 





SO OB Ww DY — CO 
™mOUOQOW?Yoo 








Xx 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. 


[| STP instruction enable Address 1016 
[] STP instruction disable Address 1016 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M37702M2LXXXHP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 





¢ MITSUBISHI — 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH06—01A< 23A0 > 


TEL 
Company 
name ( ) 
%* | Customer 





MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702M3BXXXFP 
MITSUBISHI ELECTRIC 







Section head} Supervisor 
signature signature 


Note : Please fill in all items marked>X 


Responsible wo nte, 
Supervisor 






Issuance 
signatures 





Date ; | 




















* 1. Confirmation | | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas Ft | i | (hexadecimal notation) 
EPROM Type : 

(1) Set “FF,,_” in the shaded area. 

(2) Address 046 to 104, are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 
0 8 10 
1 FF 9 
2 [| FFI A 
3 FF B 
4 be viable C 
a FF D 
6 FF E 
* 2. STP instruction option — a alg v | 
One of the following sets of data should be written to the option data address (10,¢) of the EPROM you have 
ordered. Check @ in the appropriate box. | 
L] STP instruction enable Address 1046 
L] STP instruction disable Address 1016 
x 3. Mark specification 
_ Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 8OP6N Mark Specification Form (for M37702M3BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 
*x 4. Comments 
ee MITSUBISHI 


ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH06—00A< 23A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702MDBXXXFP 


Date : 





Section head} Supervisor 


MITSUBISHI ELECTRIC signature signature 


Note : Please fill in all items marked: 


Eaeponikle Supervisor 















Issuance 
signatures 


Company 
name 
* | Customer 
Date : 
issued 


x 1. Confirmation | 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | fo] (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

(2) Address 016 to 10i¢6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


EPROM Type : 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
W F 





Xx 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,6) of the EPROM you have 
ordered. Check @ in the appropriate box. 


(1 STP instruction enable Address 1046 
[] STP instruction disable Address 1016 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702MDBXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

x 4. Comments 





¢ MITSUBISHI Sg 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
~ ORDERING METHOD 





GZZ—SH02—37A< 98A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
- M37702M4AXXXFP Date: 
Section head; Supervisor 
MITSUBISHI ELECTRIC signature | signature 








Note : Please fill in all items marked>X 


Responsible S . 
upervisor 
Company Beeeon ne 





Issuance 
signatures 


name 
* | Customer 
Date : 
issued 





x 1 


EPROM Type : 


2. 


3. 


4, 


STP instruction option 


. Confirmation 


Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern. . 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con-. 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt i [| (hexadecimal notation) 


(1) Set “FFy,_” in the shaded area. 

(2) Address Og to 1046 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. | 

Address Address Address 


8 [Option data} 10 











“ID OBR GW PDP — © 
TAMVUOQOW>Y> © 


One of the following sets of data should be written to the option data address (10,5) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
| STP instruction disable 0016 | Address 104.6 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4AXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





6—10 


9 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—38A< 98A0 > 


name 
* | Customer 
Date 
issued 


1s 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702M4BXXXFP 


MITSUBISHI ELECTRIC Pp 


Note : Please fill in all items marked 


Responsible ‘ 
Supervisor 

















Company 





Issuance 
signatures 


Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas r | |] (hexadecimal notation) 


EPROM Type : 


2 


4 


K 4. 


(1) Set “FF,” in the shaded area. 

(2) Address 0;¢ to 10,5 are the area for storing the 
data on mode! designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


[Option data} 10 








co © 





NOOR WDM — O 
mmMOUOOW > 


STP instruction option 
One of the following sets of data should be written to the option data address (101) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 
[] STP instruction disable Address 1016 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





¢ MITSUBISHI Par 
ELECTRIC 


_ MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH07—84A< 38A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM | Mack ROM suber] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37702M4EXXXFP 
Section head} Supervisor 
MITSUBISHI ELECTRIC Q _jsignature 





Note : Please fill in all items marked>x 


Responsible ; 
Supervisor 





Issuance 
signatures 


| | Company | 
name 
%* | Customer 
, Date 
issued 





1. 


Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas ri fd (hexadecimal notation) 


EPROM Type : 


K 2, 


3. 


(1) Set “FF4,” in the shaded area. 

(2) Address 046 to 10,6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address . Address Address 


[Option data] 10 


co © 





NI OD OPW DMP — © 
™MmMOOW > 





STP instruction option | 
One of the following sets of data should be written to the option data address (10;¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 


L] STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4EXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 


* 4. Comments 
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GZZ—SH07—85A< 38A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM —LM28ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 





M37702M4LXXXFP Section head| Supervisor 
MITSUBISHI ELECTRIC ie eee 








Note : Please fill in all items marked> 


ofeer 
‘ upervisor 
Company | officer p 






name 
* | Customer 





Issuance 
signatures 


Date 





issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas || | di] (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

(2) Address 016 to 10; are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


[Option data] 10 


EPROM Type : 











NDP WD — © 


2. STP instruction option 
One of the following sets of data should be written to the option data address (101) of the EPROM you have 


ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
L] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M4LXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 
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xX 





Responsible : 
officer 
Company o 2 
name ( ) | €5 
| Gm 
Customer 53 
” 
oS) 
Date 23 
issued 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
- M37702M4LXXXGP oe 
MITSUBISHI ELECTRIC 







Section head) Supervisor 
signature signature 


Note : Please fill in all items marked* 












%* 1. Confirmation | 
" Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas rt i {| (hexadecimal notation) 
EPROM Type : | 


* 2. STP instruction option | 


(1) Set “FF,” in the shaded area. 

(2) Address 01g to 10;¢ are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





notation. : 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1046 
L] STP instruction disable Address 1046 





* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6S Mark Specification Form (for M87702M4LXXXGP) and attach to the Mask ROM Order Con- 
firmation Form. 
*x 4. Comments 
ay aie MTSuBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SHO6—25A< 25A0 > 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702M6BXXXFP 


MITSUBISHI ELECTRIC ; (4 


Note : Please fill in all items marked>X 


efieor 
: upervisor 
Company officer P 


name 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | |] (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

(2) Address 0;6 to 10;¢ are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 















issuance 
signatures 


EPROM Type - 





notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


(J STP instruction enable Address 106 
L] STP instruction disable Address 1016 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M6BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. | 

* 4. Comments 
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GZZ—SH06—27A< 25A0 > 


XK 





Ginoace 



















Issuance 
signatures 





EPROM Type : 


K 2. 


*% 3. 


4. 


SINGLE-CHIP 16-BIT MICROCOMPUTER ae 
Note : Please fill in all items marked3x 
Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
tained in the EPROMs submitted. 
(2) Address 0; to 10; are the area for storing the 
Details for option data are given next in the sec- 
notation. 


Mask ROM number 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM — . 
Peunene Bupcré 
MITSUBISHI ELECTRIC Signature _/_ signature 
R 
name 
Date 7 
pa 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
Checksum code for entire EPROM areas 1 | { |] (hexadecimal notation) 
(1) Set “FF,,_” in the shaded area. 
data on model designation and options. This area 
must be written with the data shown below. 
tion describing the STP instruction option. | 
Address and data are written in hexadecimal 
Address Address Address 
8 10 





m™mMOUQOQOW?Y> © 


STP instruction option 
One of the following sets of data should be written to the option data address (10,5) of the EPROM you have 
ordered. Check @ in the appropriate box. : 


[11 STP instruction enable | O1ig | Address 1016 


L] STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M6LXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





, 9 MITSUBISHI 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 




























issuance 
signatures 





SINGLE-CHIP 16-BIT MICROCOMPUTER a... 
Note : Please fill in all items marked 
%* 1. Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
tained in the EPROMs submitted. 
EPROM Type : 

(2) Address 0,6 to 10; are the area for storing the 

Details for option data are given next in the sec- 


GZZ—SH07—70A< 35A0 > 
Mask ROM number a 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number 
TSUBISHI ELECTR 
MITSUBISHI ELECTRIC 6 [Stgnature _|_signature 
| ae 
co 
name ( ) 
x | Customer 
Date : 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern. 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
Checksum code for entire EPROM areas 1 | | [i (hexadecimal notation) 
(1) Set “FF,” in the shaded area. 
data on model designation and options. This area 
must be written with the data shown below. 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 





notation. 
Address Address Address 

0 8 10 

] 9 . 

2 A 

3 B 

4 C 

5 D 

6 E 

/ F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
L] STP instruction disable Address 1016 


*% 3. Mark specification | 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702M8BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. | 

* 4. Comments 





¢ MITSUBISHI ae 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS | 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH07—69A< 35A0) 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702MBLXXXHP 


MITSUBISHI ELECTRIC LT 


Note : Please fill in all items marked>x 


Responsible : 
Supervisor 






























Company ® > 
name S 2 
*x | Customer 3 2 
Date @ a 
” 
issued Date - 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | | | (hexadecimal notation) 


(1) Set “FF,,¢” in the shaded area. 

(2) Address 046 to 10; are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. | 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


EPROM Type : 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





x 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 104¢ 
[1 STP instruction disable Address 104g 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for MGTIQEM SEO) and attach to the Mask ROM Order Con- 
firmation Form. 

%* 4. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—52A< 99A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37703M2AXXXSP 
Section Bection lead Su ervisor 
MITSUBISHI ELECTRIC signers 





Note : Please fill in all items marked 


Responsible 
Supervisor 


Company 








Issuance 
signatures 


name 
* | Customer 
Date : ; 
issued : 





* 1. Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. | 

Checksum code for entire EPROM areas | | | fi (hexadecimal notation) 
EPROM Type : 


(1) Set “FF,” in the shaded area 


L| 27256 L] 27512 (2) Address 0i¢ to 10i¢ are the area for storing the 





2, 


x 3 


«4, 





data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


notation. 
Address Address Address 
0 8 [Option data] 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





STP instruction option 
One of the following sets of data should be written to the option data address (101) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 


[] STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M2AXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





¢ MITSUBISHI oe 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—53A< 99A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37703M2BXXXSP 


eect head) Supervisor 
MITSUBISHI ELECTRIC - 


Note : Please fill in all items marked 


officer 
; upervisor 
Com pany eeeponenble p 









Issuance 
signatures 


name 
* | Customer 
4 : 
4 


K | Confirmation 
*Seectty the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain the identical data, we will sioduee masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 

Checksum code for entire EPROM areas 1 | | ft (hexadecimal notation) 
EPROM Type : 





2. 


Si 


, : (1) Set “FF,,” in the shaded area. 
L] 27256 Address 0;¢ to 10ig are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. | 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. 
L] STP instruction enable Address 1016 


1 STP instruction disable “Address 1016 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M2BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. | 


x 4. Comments 





| 9 MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 


GZZ—SHO06—05A< 23A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37703M3BXXXSP bate: 


Section head/ Supervisor 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked 


fieoe 
; upervisor 
Company officer P 






issuance 
signatures 


name 
* | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas Sean (hexadecimal notation) . 


(1) Set “FF,,” in the shaded area. 

(2) Address Oi¢ to 10:6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


EPROM Type - 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 








* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 10i¢ 
[J STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703M3BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 





¢ MITSUBISHI pay 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


-MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH06—04A< 23A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] | 
- SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37703MDBXXXSP 
MITSUBISHI ELECTRIC 





Note - Please fill in all items marked 


Specify the name of the product being ordered and the type of EPROMs submitted. 


Three sets of EPROMs are required for each pattern. 


If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | { || (hexadecimal notation) 


(1) Set “FF,,_” in the shaded area. 

(2) Address 0i¢ to 10;¢ are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 


Issuance 
signatures 





x 1. Confirmation 


EPROM Type : 





notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,,¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 
[1] STP instruction disable Address 1016 


* 3. Mark specification | 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37703MDBXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. , 

* 4. Comments 





P a ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—43A< 98A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37703M4AXXXSP Ose: 


Section head| Supervisor 





Note : Please fill in all items marked: 


Responsible : 
Supervisor 





issuance 
signatures 


Company 
name 
* | Customer 
Date : 
issued 





«1. 


EPROM Type : 


2. 


XK 3. 


«4, 


Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMS are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas I | |] (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 015 to 10,5 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


0 8 [Option data} 10 





NOOR WDM — 
mmMoOOWY Lo 


STP instruction option | 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. 


[J STP instruction enable Address 1046 
[] STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M387703M4AXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





¢ ae 6—23 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH02—44A< 98A0 > 


* | Customer 


*1. 


EPROM Type : 


M2 


*K 3. 


«4, 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number} 
SINGLE-CHIP 16-BIT MICROCOMPUTER : 
| M37703M4BXXXSP 
MITSUBISHI ELECTRIC 








issuance 
signatures 


Note : Please fill in all items marked2X 
R ibl . 
ne 
name ( ) 
Date 
issued 
Confirmation a 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. | 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas ri | of (hexadecimal notation) 

(1) Set “FF,,.” in the shaded area. 

(2) Address 0g to 10,6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 

Details for option data are given next in the sec- 

tion describing the STP instruction option. 

Address and data are written in hexadecimal 
notation. 
Address Address Address 
10 


CO © 











~! O OT & W PDP —- © 
m“™mOUQOW > 


STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 


[1] STP instruction disable Address 1046 


Mark specification | 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M377083M4BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





6—24 


af, MiTsUBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH01—76A< 8ZA0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number| 
SINGLE-CHIP 16-BIT MICROCOMPUTER : 








md TOSSA ATE Section head| Supervisor 
MITSUBISHI ELECTRIC signature 





Note : Please fill in all items marked>x 


Responsible 
officer 


Supervisor 


Company 
name 









* | Customer 





Issuance 
signatures 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. — 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | dd (hexadecimal notation) 





EPROM Type : 
(1) Set “FF,” in the shaded area. , 
L] 27256 L] 27512 (2) Address 04g to 101g are the area for storing the 
data on model designation and options. This area 
0000 must be written with the data shown below. 
0010 Details for option data are given next in the sec- 


tion describing the STP instruction option. 
Address and data are written in hexadecimal 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (10,¢) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1046 
L] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37704M2AXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 





¢ MITSUBISHI es 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH04—42A< 13A0 > 


xX 





: upervisor 
Company © ” P 
name = = 
Customer G % 
i?) 
w ©) 
Date 5 
issued 


‘MELPS 7700 MASK ROM ORDER CONFIRMATION FORM —_LM@8* ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37704M2EXXXFP 


MITSUBISHI ELECTRIC py 


Note : Please fill in all items marked 




















* 1. Confirmation 
~ Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. . 
Checksum code for entire EPROM areas | | | ft (hexadecimal notation) 
EPROM Type : ) 













2. 


m3 


(1) Set “FFy,” in the shaded area. 

Address Qig to 1016 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 


Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[| STP instruction enable Address 1046 
L] STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37704M2EXXXFP) and attach to the Mask BOM Order Con- 
firmation Form. 


*x 4. Comments 





¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH05—88A< 23A0 > 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37704M3BXXXFP 


MITSUBISHI ELECTRIC 4 


Note : Please fill in all items marked>X 


olen 
upervisor 
Company officer P 


name 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas Pt tj] (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 01g to 104g are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


8 [Option data] 10 












Issuance 
signatures 


EPROM Type - 





SIO OB WD —$O 
mAmMmMUOW?;Fwo 





* 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. © 


[1] STP instruction enable Address 1016 
L] STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37704M3BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 


¢ MITSUBISHI - 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH05—91A< 23A0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37704M4BXXXFP pater 


Senor head; Supervisor 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked:*x 


g [oncer P| Supervisor 
' upervisor 
Company officer 









Issuance 
signatures 


name 
* | Customer 
Date : : 
issued ; 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | df (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

(2) Address 0; to 10ig are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 

Address and data are written in hexadecimal 
notation. 
Address Address Address 


8 [Option data] 10 


EPROM Type : 





“IO on Rm WN —- © 
mMmMoOUQOQOW?Po 


x 2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 


ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
(1 STP instruction disable Address 1046 


* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 8OP6N Mark Specification Form (for M37704M4BXXXFP) and attach to the Mask ROM Order Con- 
firmation Form. 

*x 4. Comments 





sino MITSUBISHI 
: ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH01—82A< 8ZA0 > 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number} 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
sigh eiletinteaetrant Section head| Supervisor 

MITSUBISHI ELECTRIC 6 {signature _| signature 








Note : Please fill in all items marked: 


fiicsr 
upervisor 
Company officer P 






* | Customer 


* 1, 


name 











Issuance 
signatures 


Confirmation 


Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt tl (hexadecimal notation) 


EPROM Type : 





* 2. STP instruction option 


Os 


«4, 


(1) Set “FF,” in the shaded area. 

[] 27256 [] 27512 (2) Address 01g to 10;¢ are the area for storing the 
data on model designation and options. This area 
0000 must be written with the data shown below. 

0010 Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 








notation. 
Address Address Address 
0 8 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1016 
L] STP instruction disable Address 1046 


Mark specification 

Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705M2AXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

Comments 





¢ MITSUBISHI a 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH04—44A< 13A0 > 






; upervisor 

Company Pe 
name ( )| 25 
* | Customer < % 

” 
0) 
Date 2 = 
issued 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
| M37705M2EXXXSP 
MITSUBISHI ELECTRIC 







Section head} Supervisor 
signature signature 


Note : Please fill in all items marked>x 













* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 
Checksum code for entire EPROM areas 1 | | df (hexadecimal notation) 
EPROM Type - 












K 2. 


(1) Set “FF,” in the shaded area. 

Address 0i¢ to 10; are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. | 

Address Address Address 


0 8 [Option data} 10 
1 9 
2 A 
3 B 
4 C 
5 D 
6 E 
7 F 





STP instruction option 


One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


L] STP instruction enable Address 1016 
[] STP instruction disable Address 1016 





* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705M2EXXXSP) and attach to the Mask ROM Order Con- 
| firmation Form. 
* 4. Comments 
as ¢ MITSUBISH! 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH05—94A< 23A0> 
MELPS 7700 MASK ROM ORDER CONFIRMATION FORM [Mask ROM number] 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37705M3BXXXSP 


MITSUBISHI ELECTRIC ae 


Note : Please fill in all items marked>x 


Compa geponsiPle | Supervisor | 
; upervisor 
pany eee eels 


name 
x | Customer 
Date : 
issued 











Receipt 









issuance 
signatures 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMsS are required for each pattern. 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas I | | [| (hexadecimal! notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 016 to 10,6 are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 


8 [Option data] 10 


EPROM Type : 











WO OBR WD — O 
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2. STP instruction option 
One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1046 
[1 STP instruction disable Address 1046 


* 3. Mark specification , 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705M3BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. 

* 4. Comments 





¢ MITSUBISHI 6—31 
ELECTRIC 


| | | | MITSUBISHI MICROCOMPUTERS 


MELPS 7700 MASK ROM 
ORDERING METHOD 





GZZ—SH05—95A< 23A0 > 





Responsible : | 

Company TEL am Supervisor 
® 
name ( ) 25 
stomer SG 
2S 
Date =~ 5 

issued 


Cu 
1. 


MELPS 7700 MASK ROM ORDER CONFIRMATION FORM | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37705M4BXXXSP 


MITSUBISHI ELECTRIC Tf 


Note : Please fill in all items marked>x 
























Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMS are required for each pattern. : 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks 
based on this data. We shall assume the responsibility for errors only if the mask ROM data on the products 
we produce differ from this data. Thus, the customer must be especially careful in verifying the data con- 
tained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | 4d (hexadecimal notation) 





EPROM Type : 

(1) Set “FF,” in the shaded area. 

(2) Address 04g to 104g are the area for storing the 
data on model designation and options. This area 
must be written with the data shown below. 
Details for option data are given next in the sec- 
tion describing the STP instruction option. 
Address and data are written in hexadecimal 
notation. 

Address Address Address 
0 8 10 
1 rs) 
2 A 
3 B 
4 C 
3) D 
6 E 
‘ 7 F 
2. STP instruction option 





One of the following sets of data should be written to the option data address (1016) of the EPROM you have 
ordered. Check @ in the appropriate box. 


[] STP instruction enable Address 1046 
1 STP instruction disable Address 1016 





* 3. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705M4BXXXSP) and attach to the Mask ROM Order Con- 
firmation Form. . 

* 4. Comments 

6—32 ¢ a te 


MELPS 7700 PROM 


MITSUBISHI MICROCOMPUTERS 


ORDERING METHOD 





PROM ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the one time PROMs in single- 
chip 16-bit microcomputers. When placing such order, 
please submit the information described below. 


1. Writing to PROM Order Confirmation Form:::::::::-: 1 set 
(There is a specific form to be used for each model.) 
2. Data to be written into PROM built in-::-::------:- EPROM 


(Please provide three sets containing the identical 
data. ) 
3 . Mark Specification Form OER RTO OE RO 1 set 


NOTES 

(1) Acceptable EPROM type 
Any EPROM made by Mitsubishi Electric corp. that is 
listed in the Writing to PROM Order Confirmation Form 
may be used. 


Label 


Example : 


Type 


Identification 


of three sets 





MELPS 


From customer 


Confirmatio 
form 


Object 
program 
generation 


NO 
ES 
NO 
? 


YES Data 
fault 








M37702E2. 
AXXXFP 





MITSUBISHI 
ELECTRIC 


(2) EPROM window labeling 
Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 

(3) Calculation and indication of check sum code 
Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the check sum code field of the Writing 
to PROM Order Confirmation Form. 

(4) Marking specification method 
The permissible marking specifications differ depend- 
ing on the shape of package. Please fill out the Mark- 
ing Specification Form and attach it to the Writing to 
PROM Order Confirmation Form. 


OUTLINE OF ORDER PROCESSING 
Mitsubishi Electric corp. will produce Writing to PROM if at 
least two of the three EPROM sets submitted contain iden- 
tical data. 

If we find error when the submitted EPROMs are com- 


pared, we will contact your representative. Thus, we 


assume responsibility only when we produce Writing to 
PROMs that contain data other than the data correctly pro- 
vided by the customer. 

The chart below shows the flow of one time PROM produc- 


code for each tion. 


Mitsubishi Electric corp. 


ROM code 
list 


@ Writing to 
PROM 

@ Final test 

@ Screening 

@ QA test 


| 
Acceptance 


_ MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH02—55A< 99A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E2AXXXFP 


, Sacer head Supolviser 
MITSUBISHI ELECTRIC 


Note : Please fill in all items marked > 


Company officer p 
name ( ) 
* | Customer 
















” 

5 2 

c 2 

Dat 25 
ate . : 7” o—_ 
issued Date . 7) 


* 1. Confirmation 
Specify the name of the product being ordered and the type. of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas LET | (hexadecimal notation) 
EPROM Type : 
(1) Set “FF,” in the shaded area. 
L] 27256 [J] 27512 : : ‘Address 0; to OFy, are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 


Address and data are written in hexadecimal 
notation. 
Address Address 


DATA 





™mOoOUQOWY OOD 





NOOO WD — © 


2X 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—07A< 0ZA0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER ees 
M37702E2BXXXFP 


MITSUBISHI ELECTRIC 

















XX 


Issuance 
signatures 





EPROM Type : 
L} 27256 


















Note : Please fill in all items marked>x 
xX 1. Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
contained in the EPROMs submitted. 
Address 01, to OFig are the area for storing the 
Address and data are written in hexadecimal 


name ( ) 
Customer 
Date : 

”-Specity the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 

products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 

Checksum code for entire EPROM areas | | |] (hexadecimal notation) 
Set “FF,” in the shaded area. 
data on model designation. This area must be 
written with the data shown below. 
notation. 
Address Address 


TAMmMoOUOQOWY OO 





SNOOP WD —- © 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E2BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*X 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—53A< 13A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | | ROMnumber | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37702E2LXXXGP 
’ Section head} Supervisor 
MITSUBISHI ELECTRIC 


Note - Please fill in all items marked 















Responsible : 
Company rn 0 officer p 
name ( ) 2 > 
* | Customer © fs 
” 
oO 
Date : 28 








* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas [| | tf (hexadecimal notation) 
EPROM Type : | 
(1) Set “FF,,” in the shaded area. 
L] 27256 [] 27512 (2) Address 046 to OFyg are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 








“SOD OP WDM — © 
m™mmoUQODYOOD 





%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6S Mark Specification Form (for M37702E2LXXXGP) and attach to the Writing to PROM Order 
Confirmation Form. 

x 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH05—71A< 22A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number || 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E2LXXXHP 
MITSUBISHI ELECTRIC 





officer 
F upervisor 
Company Beepesibls p 









issuance 
signatures 


name 
* | Customer | 
Date . ‘ 
issued ° 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas ri [dd (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 
L] 27256 L] 27512 (2) Address 016 to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 

Address Address 


EPROM Type : 














NOOR WN — OO 
7mAmMmoOoOWY Oo 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M37702E2LXXXHP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





2 a ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH03—70A< 07A0> 

















xX 


issuance 
signatures 





M37702E4AXXXFP 
Note : Please fill in all items marked>x 
x 1. Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
contained in the EPROMs submitted. 
EPROM Type : 

(2) Address 04g to OFig are the area for storing the 

Address and data are written in hexadecimal 


ROM number awd 
MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 
secuee head Seperyiset 
MITSUBISHI ELECTRIC 
Company TEL 
name ( ) 
Specify the name of the product being ordered and the type of EPROMs submitted. 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
Checksum code for entire EPROM areas | | | (hexadecimal notation) 
data on model designation. This area must be 
notation. 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
Customer 
Date : 
Three sets of EPROMs are required for each pattern. 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
(1) Set “FF,” in the shaded area. 
written with the data shown below. 
Address Address 





NOOR WNH—O 
mmMoOOWPY, OC 


x 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH03—38A< 01A0> 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER | | 
M37702E4BXXXFP orca emanae 


MITSUBISHI ELECTRIC [4 
ne 


Note : Please fill in all items marked 


Responsible : 
Supervisor 


Company 
name 
* | Customer 
Date ‘ : 
issued ° 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | | (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 0; to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 















Issuance 
signatures 


EPROM Type : 











7AMOUOWYOO 





NOOO WDM — © 








* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Seine: Form (for M37702E4BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





9 MITSUBISHI rae 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


-MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—55A< 13A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER , 
M37702E4EXXXFP 
MITSUBISHI ELECTRIC 







Section head| Supervisor 
signature signature 


Note - Please fill in all items marked>X 













Responsible S : 
officer "Supervisor 
Company il 
name g 8 
wo —_— 
* | Customer + 
” ; 
©) 
— 3s 
— 





%* 1. Confirmation 
Specify the name of the ercaiie being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | [| {| (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 016 to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 


EPROM Type : 





“SOD OO BP WD —- © 
m™mmMOUOWDYOO 








%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4EXXXFP) and attach to the mre to PROM Order 
Confirmation Form. 

*x 3. Comments 





sis | ¢ MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH05—82A< 23A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E4LXXXFP Section head| Supervisor 

MITSUBISHI ELECTRIC S [stanature _| signature 











Note : Please fill in all items marked 


Responsible 
officer 


Supervisor 


Company 
name 









* | Customer 





Issuance 
signatures 


Date 


issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMS are required for each pattern. 
If at least two of the three sets of ERROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. : 


Checksum code for entire EPROM areas 1 | | [| (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 04g to OF; are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 


EPROM Type - 








77™MOOOWY OC 





ND OP WD —- © 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E4LXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





MITSUBISHI Sei 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH07—78A< 38A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROMmumber | 


SINGLE-CHIP 16-BIT MICROCOMPUTER —<.. 
M37702E4LXXXGP | Section head} Supervisor 
MITSUBISHI ELECTRIC 


Note : Please fill in all items marked 





Issuance 
signatures 


Date 
issued 





* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. | 


Checksum code for entire EPROM areas 1 | | [4 (hexadecimal notation) 


(1) Set “FFy,” in the shaded area. 

(2) Address 046 to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
noiaiion. 
Address Address 


EPROM Type - 





NOOR WNM—O 
m™mOQMdW Yoo 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6S Mark Specification Form (for M87702E4LXXXGP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 





pe & ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH05—82A< 23A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702E6BXXXFP 


MITSUBISHI ELECTRIC aa 


Note - Please fill in all items marked 


Responsible S : 
: upervisor 
Company — p 
name 
* | Customer zi 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. | 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas P| it i] (hexadecimal notation) 


















issuance 
signatures 
































EPROM Type : 
(1) Set “FF,,” in the shaded area. 
2/512 (2) Address 016 to OF; are the area for storing the 
| data on model designation. This area must be 
0000 written with the data shown below. 
bs 7-77-7774 OOOF Address and data are written in hexadecimal 
notation. 
UY Address Address 
eae ie ia 0 42 8 
; = =, 
2 FF A 
3 FF B 
L 4 Fe] C 
5 FF D 
s \cee}e 
PT 








* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E6BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 





¢ MITSUBISHI ae 
ELECTRIC | 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH05—87A< 23A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 


M37702E6LXXXFP : 
Section head} Supervisor 
MITSUBISHI ELECTRIC |B . slonature 








Note : Please fill in all items marked 


Responsible S : 
upervisor 
at i P 


officer 





Company 
name 






* | Customer 








Issuance 
signatures 


Date 





issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of ERPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data‘on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | [ [| (hexadecimal notation) 


(1) Set “FF4,” in the shaded area. 

(2) Address 016 to OF; are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 


EPROM Type : 











mmMmMOUQOWYOC 





NOON P WH —- © 





%* 2. Mark specification | 
Mark specification must.be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification FOUM (for M37702E6LXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





6—44 | MITSUBISHI 
& ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH07—14A< 32A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROMnumber | | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 





M37702E8BXXXFP — head! Supervisor 
MITSUBISHI ELECTRIC Sa ees 








Note : Please fill in all items marked 


Responsible F 
officer Supervisor 


Company 
name 






* | Customer 








Issuance 
signatures 


Date 





issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | | [| (hexadecimal notation) 

















EPROM Type . 
(1) Set “FF,” in the shaded area. 
27512 (2) Address 01g to OFig are the area for storing the 
data on model designation. This area must be 
[| 0000 written with the data shown below. 
ya Address and data are written in hexadecimal 
= notation. 
Oe Address Address 
0 8 
1 9 
DATA 60K y, A 
3 B 
i 4 C 
| FFF 5 D 
6 E 
7 F 








x 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37702E8BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 





MITSUBISHI bets 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


- MELPS 7700 PROM ORDERING METHOD 





GZZ—SH07—16A< 32A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37702 E8LXXXHP . Section head| Supervisor 
MITSUBISHI ELECTRIC - 











Note : Please fill in all items marked 


Seana 
; upervisor 
Company officer 












Issuance 
signatures 


name 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the: 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | | ff | (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 046 to OFyg are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 


EPROM Type : 











notation. 
Address Address 
0 4C 8 
1 FF 9 
2 FF A 
3 FF B 
4 FF C 
5 FF D 
6 FF E 
7 FF F 








x 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6D Mark Specification Form (for M37702E8LXXXHP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments | 





a _ | MITSUBISHI 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH02—59A < 99A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER ae 


M37703E2AXXXSP 


Section head Su ervisor 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked>X 


Responsible . 
Company officer p 
name ( ) 

















(¢p) 

* | Customer c = 
5S ¢ 

Date : a © 

issued Date . ” 


* 1. Confirmation 
“Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas f | 7 dd (hexadecimal notation) 


(1) Set “FF,” in the shaded area. 

Address 0, to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 


EPROM Type : 























TNMMOUOW>YFwoOoC 





NOOO SW DM — © 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E2AXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

* 3. Comments 





MITSUBISHI 6—47 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


_ MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—08A< 0ZA0O > | 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER eae 


M37703E2BXXXSP Supervisor 


MITSUBISHI ELECTRIC nm 


Note : Please fill in all items marked:x 


Responsible : 
Company officer p 
name ( ) 





















g 9 
issued i 
* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 
Checksum code for entire EPROM areas rt i (hexadecimal notation) 
EPROM Type : 


(1) Set “FF,,” in the shaded area. 

(2) Address 016 to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 


L] 27256 L] 27512 








notation. 
Address Address 
0 8 
1 9 
2 A 
3 B 
4 Cc 
5 D 
6 E 
7 F 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E2BXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

*x 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH03—68A < 07A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM LOM nine Pa 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37703E4AXXXSP SSGHGa head] Supervisor 
signature 


MITSUBISHI ELECTRIC G. ‘ Slaneture 


Note : Please fill in all items marked 






















Responsible : 
Company » [Officer p 
name ( o e 
x | Customer CG 
2 ¢ 
Date n 2 
issued 
hg 


K Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern. | 

If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 


contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | ] [4] (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 01g to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 


EPROM Type : 





7™mMOUOWYOO® 





NO OF BP WN — © 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E4AXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

*x 3. Comments 





MITSUBISHI 6—49 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH03—41A<01A0> | | 

















issuance 





signatures 





x 


M37703E4BXXXSP Date: 
Note : Please fill in all items marked 
Cu 
1. Confirmation 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
contained in the EPROMs submitted. 
EPROM Type: 
(2) Address 016 to OFig are the area for storing the 
Address and data are written in hexadecimal 


ROM number fd 
MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
Section head) Supervisor 
MITSUBISHI ELECTRIC | = signature 
Ganpany TEL Supervisor 
name 
( ) 
stomer 
Date 
issued 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
Checksum code for entire EPROM areas ri ff (hexadecimal notation) 
(1) Set “FF,,” in the shaded area. 
data on model designation. This area must be 
written with the data shown below. 
notation. 7 
Address Address 





™mmMOUOQOWDWY OO 





NOOB WD — © 


* 2. Mark specification : 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M87703E4BXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

* 3. Comments 





MITSUBISHI MICROCOMPUTERS | 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—57A< 13A0 > 
MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | RoMmumber | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37703E4EXXXSP 


MITSUBISHI ELECTRIC P ] 


Note : Please fill in all items marked> 

























Responsible ‘ 
Compan TEL ” 
pany o % 
name ( ) e 5 
3X | Customer 53 
” 
o) 
Date . 2s 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas | {yf (hexadecimal notation) 


(1) Set “FF4,—” in the shaded area. 

(2) Address 0;g to OF;g are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 


EPROM Type : 





NOOR WHO 
“mM OUOWPYroOn 


% 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form for one time PROM (for M37703E4EXXXSP) and attach to the Writ- 
ing to PROM Order Confirmation Form. 

* 3. Comments 





MITSUBISHI 6—51 
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MELPS 7700 PROM ORDERING METHOD 





GZZ—SH01—72A< 8ZA0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37704E2AXXXFP 
MITSUBISHI ELECTRIC 





Responsible , 
Supervisor 


Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt | i (hexadecimal notation) 
EPROM Type - . 
: (1) Set “FF,,” in the shaded area. 
L1 27256 LJ 27512 (2) Address 016 to OFig are the area for storing the 


data on model designation. This area must be 


signatures 





0000 written with the data shown below. 
gel: Address and data are written in hexadecimal 
OOOF ; 
notation. 
Address Address 


| cooo 





FFFF 





NOORWNDN—O 
mMOOWY OC 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37704E2AXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 





6—52 af. MITSUBISH 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—46A< 13A0 > 
MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


M37704E2EXXXFP Section head 


MITSUBISHI ELECTRIC signature 


Note : Please fill in all items marked 


Responsible : 
Supervisor 


Company 
name 
*x | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas 1 | [| [4 (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 01 to OFy¢ are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 
Address Address 



















Issuance 
signatures 


EPROM Type : 


L] 27256 L] 27512 











NOOO BRWNY-O 
mAmMmMoUgWwWroon 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37704E2EXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 





MITSUBISHI | a 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS | 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH05—60A< 22A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | | 
SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37704E4BXXXFP 
MITSUBISHI ELECTRIC 








Section head] Supervisor 
signature signature 


Note : Please fill in all items marked 


fice 
A upervisor 
Company jeeepeoeles| p 


name 
* | Customer 
7 ; 
7 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. | 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt i [| (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

(2) Address 016 to OFig are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal! 
notation. 
Address Address 


Issuance 
signatures 


EPROM Type - 





“SI OD O1 B&B WP — © 
m™mMoOUQOQWPYOOD 


%* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 80P6N Mark Specification Form (for M37704E4BXXXFP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





sane 9 MITSUBISHI 
3 ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH01—80A< 8ZA0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37705E2AXXXSP 


MITSUBISHI ELECTRIC a 


Note : Please fill in all items marked 


Responsible : 
Supervisor 


Company 
name 
* | Customer 
Date ; 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt [| i (hexadecimal notation) 
EPROM Type : 
(1) Set “FF,,—” in the shaded area. 
LJ] 27256 LJ] 27512 (2) Address 01g to OF;g are the area for storing the 


data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 


Address Address 


















Issuance 
signatures 





m™mmMoUOWY>OO 





SNOOP WD — CO 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705E2AXXXSP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH04—48A< 13A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37705E2EXXXSP 
MITSUBISHI ELECTRIC 





Note : Please fill in all items marked 













, upervisor 

Company © 2 P 
name ( ) | €5 
* | Customer 53 

w” 
©) 
Date 2s 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. . 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in vend the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas rt tly (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 

Address 0;¢ to OF; are the area for storing the 
data on model designation. This area must be 
written with the data shown below. 

Address and data are written in hexadecimal 
notation. 

Address Address 


EPROM Type .- 











NOOB WD —- CO 
™7OUQOWPYO® 





* 2. Mark specification 
Mark specification must be submitted using the correct fon for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705E2EXXXSP) and attach to the Writing to PROM Order 
Confirmation Form. 

*x 3. Comments 





6—56 ¢ MITSUBISHI 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MELPS 7700 PROM ORDERING METHOD 





GZZ—SH05—64A< 22A0 > 


MELPS 7700 WRITING TO PROM ORDER CONFIRMATION FORM | ROM number | 


SINGLE-CHIP 16-BIT MICROCOMPUTER 
M37705E4BXXXSP 


MITSUBISHI ELECTRIC : 4a 


Note : Please fill in all items marked 


ofan | 
; upervisor 
Company officer p 


name 
* | Customer 
Date : 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern. 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce writing to 
PROM based on this data. We shall assume the responsibility for errors only if the written PROM data on the 
products we produce differ from this data. Thus, the customer must be especially careful in verifying the data 
contained in the EPROMs submitted. 


Checksum code for entire EPROM areas || [| (hexadecimal notation) 


(1) Set “FF,,” in the shaded area. 
(2) Address 016 to OFy, are the area for storing the 
: data on model designation. This area must be 
written with the data shown below. 
Address and data are written in hexadecimal 
notation. 
Address Address 











issuance 
signatures 


EPROM Type : 








NOOR WHO 
mAmMoOUOWDFYOO 





* 2. Mark specification 
Mark specification must be submitted using the correct form for the type of package being ordered fill out the 
appropriate 64P4B Mark Specification Form (for M37705E4BXXXSP) and attach to the Writing to PROM Order 
Confirmation Form. 

* 3. Comments 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





MARK SPECIFICATION FORM 

Mark specification format differs depending on the pack- 
age type. | = 4 

Fill out the Mark Specification Form for the package type 
being ordered, and submit the form with the Mask ROM 
Confirmation Form. 





6—58 | | afte MiTSUBISH 
| ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Please ei one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 






= 
| 
! 
~—L_—~— Mitsubishi IC catalog name, 
Mitsubishi product number 


B. Customer’ s Parts Number + Mitsubishi IC Catalog Name 


® pnonanannanannnc . (customer = Fare 
olalalataletalslaralaetalalatalalalals | Note: The fonts and size of 
characters are standard 


Mitsubishi type. 


— —-—Mitsubishi IC catalog name 


Mitsubishi product number 
(6-digit, or 7-digit) 


@ VUUUUUGUOUUUUODOO OO 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 


3: Customer’ s parts number can be up to 19 alphanumeric characters for capital letters, hyphens, commas, periods and 
So on. 


4: If the Mitsubishi logo % is not required, check the box on the right. 
a Mitsubishi logo is not required 


|| 


C. Special Mark Required 
@ NONNnNnNnNnnnN 





@ UU 019191919) 018 CB WU WOWOUY 3 


Note1 : If special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will be dupli- 
cated technically as close as possible. Mitsubishi product number (6-digit, or 7-digit) and Mask ROM number (3- 
digit) are always marked for sorting the products. 

2:|f special character fonts (e. g., customer's trade mark logo) must be used in special mark, check the box on the 
right. 
For the new special character fonts, a clean font original (ideally logo drawing) must be submitted. 
Special character fonts required 





MITSUBISHI | soles 
ELECTRIC 


MITSUBISHI MICROCOMPUTERS 


‘MARK SPECIFICATION FORM 





64P4B(64-PIN SHRINK DIP)MARK SPECIFICATION FORM 
for one time PROM version microcomputers 


Enter the catalog number of the microcomputer for which this mark specification is intended. (If you do not know the ROM 
code number, enter XXX in its place.) 


The catalog number of the microcomputer iM | 
A. Standard Mitsubishi Mark 


Customer specified part number will be printed together with the ROM code number on the top line. 
Enter the desired part number left aligned in the box below.(up to 10 characters) 


@ NONHNNAnONOAONONANONnNNNONNNANANNANNA & 










Mitsubishi catalog number 
(blank model number before writing) 


Mitsubishi lot number 
(6-digit, or 7-digit) 


@ UU OT 


Note1 : The following characters can be used in the part number : 
Uppercase alphabet, numbers, ampersand, hyphen, period, comma, +, /, (, ), © 
(©will be printed at 1,5X character width) 
2: XXX is the ROM code number. 


B. Special Mark Required 

If you desire anything other than the standard Mitsubishi mark, it will be treated as a special mark. 

Special marks will take longer to produce and should be avoided if possible. 

If a special mark is to be printed, indicate the desired layout of the mark in the figure below.The layout will be duplicated as 
closely as possible. 


@ NOONAN ONNNONNANonONNANnANnNNANANANAAN ® 


® WUD 6 


Note1 : If the customer’s trademark logo must be used in the special mark, please submit a clean original logo. 
Note that special marks require extra cost and time to produce. 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





SOP6N (80-PIN QFP) MARK SPECIFICATION FORM 


Please — one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). 


A. Standard Mitsubishi Mark 








Mitsubishi product 


number i 
(6-digit, or 7-digit) 


i — —-~- Mitsubishi IC catalog name 






-——Customer’s Parts Number 
a Note : The fonts and size of characters are standard Mitsu- 
bishi type. 
ee Mitsubishi IC catalog name 
Note1 : The mark field should be written right aligned. 

2: The fonts and size of characters are standard Mitsu- 
bishi type. 

3: Customers parts number can be up to 14 alpha- 
numeric characters for capital letters, hyphens, 
commas, periods and so on. 

4:lf the Mitsubishi logo % is not required, check the 
box below. 

a. Mitsubishi logo is not required 


[| 


Note’ : If special mark is to be printed, indicate the desired 
layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 


C. Special Mark Required 


GAMMANAAAAAAARAID AOA AAA Ae subishi product number (6-digit, or 7-digit) and 
——SESE—ESE—EEEE—EEE IA Mask ROM number (3-digit) are always marked for 
rr —— sorting the products. 

a — 2:\lf special character fonts (e.g., customer's trade 
—— = mark logo) must be used in Special Mark, check 
— = the box below. 
= a For the new special character fonts, a clean font ori- 
oy — ginal (ideally logo drawing) must be submitted. 
= == Special character fonts required 

JVUU WL UU OOOO ook | | 

WUN UUW OOOO OCaoOOoe ooo oa o8 

OUUUUUUUI OTTO doe 





MITSUBISHI MICROCOMPUTERS 


MARK SPECIFICATION FORM 





80P6S OPIN QFP) MARK_ SPECIFICATION FORM 
80P6D (80-PIN Fine-pitch QFP) 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special mark (if 
needed). | 


A. Standard Mitsubishi Mark 


Mitsubishi IC catalog name 


Mitsubishi |C catalog name 


Mitsubishi product number 
(6-digit, or 7-digit) 











B. Customer's Parts Number + Mitsubishi IC Catalog Name 

@AAAAAAAAAAARRAAAAAaa® Customer's Parts Number 

—_ rk / Note :The fonts and size of characters are standard Mitsu- 
=r} Te / bishi type. 
—— = ge Mitsubishi IC catalog name 
=a = ye 
=o =e Note1 : The mark field should be written right aligned. 
eno a, 7 2: The fonts and size of characters are standard Mitsu- 
== a! | bishi type. 
—— =a 3: Customers parts number can be up to 10 alpha- 

== a numeric characters for capital letters, hyphens, 
— — commas, periods and so on. 
ae ames 4: If the Mitsubishi logo & is not required, check the 
o \ OD box below. ; . 
TO UO WOO UO UUW Mitsubishi logo is not required 
OUD DHE BBEDDOEHEEooooE® 


La 


5:The allocation of Mitsubishi IC catalog name and 
Mitsubishi product number is different on the pack- 
age owing to the number of Mitsubishi IC catalog 
name’s characters, and the requiring Mitsubishi logo 
& Or not. 


Note1 : lf special mark is to be printed, indicate the desired 
layout of the mark in the left figure. The layout will 
be duplicated technically as close as possible. Mit- 
subishi product number (6-digit, or 7-digit) and 
Mask ROM number (3-digit) are always marked for 
sorting ie products. 

2:\f special character fonts (e.g., customer's trade 
mark logo) must be used in Special Mark, check 
the box below. 

For the new special character fonts a clean font ori- 
ginal (ideally logo drawing) must be submitted. 


Special character fonts required 


J @ | 
: | 
— ¢ MITSUBISHI 

3 | ELECTRIC 








oo 





CONTACT ADDRESSES FOR FURTHER iNFORMATION 











JAPAN 
Overseas Marketing Division 
Semiconductors 

Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telephone: (03) 3218-2863 
Facsimile: (03) 3218-2852 


Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 





HONG KONG 

Mitsubishi Electric (H.K.) Ltd. 

41st fl., Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex: 60800 MELCO HX 

Telephone: 510-0555 

Facsimile: 510-9830, 510-9822, 
510-9803 








SINGAPORE 
MELCO SALES SINGAPORE PTE, 
LTD. 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 

Singapore 0315 

Telex: RS 20845 MELCO 
Telephone: 4732308 

Facsimile: 4738944 








TAIWAN 
MELCO-TAIWAN CoO., Ltd. 
1st fl., Chung-Ling Bldg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 











Telex: 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1070 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
5665 Plaza Drive 

Cypress, CA 90630-0007 
Telephone: (714) 236-6270 
Facsimile: (714) 236-6184 


ROCKY MOUNTAIN 

Mitsubishi Electronics America, Inc. 
1113 Spruce Street, Suite 503 
Boulder, CO 80302 

Telephone: (303) 546-6300 
Facsimile: (803) 546-6242 


NORTHERN 

Mitsubishi Electronics America, Inc. 
9800 Bren Road East, Suite 243 
Minnetonka, MN 55343-9671 
Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Court 

Mt. Prospect, IL 60056 

Telephone: (708) 298-9223 
Facsimile: (708) 803-4224 


SOUTH CENTRAL 

Mitsubishi Electronics America, Inc. 
9000 Royal Lane 

Irving, TX 75063 

Telephone: (214) 929-0046 
Facsimile: (214) 929-5363 


NORTHEAST 

Mitsubishi Electronics America, Inc. 
200 Unicorn Park Drive 

Woburn, MA 01801 

Telephone: (617) 937-4300 
Facsimile: (617) 938-1075 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (908) 469-8833 
Facsimile: (908) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Blvd., Suite 500 
Cary, NC 27560 

Telephone: (919) 460-0404 
Facsimile: (919) 460-6205 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


ATLANTA 

Mitsubishi Electronics America, Inc. 
6100 Atlantic Blvd. 

Norcross, GA 30071 

Telephone: (404) 368-4852 
Facsimile: (404) 662-5208 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 

San Diego, CA 92127 

Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 


NEW YORK 

Mitsubishi Electronics America, Inc. 
300 Westgate Business Cntr., Ste. 160 
Fishkill, NY 12524 

Telephone: (914) 896-0896 
Facsimile: (914) 896-8639 


PUERTO RICO 

Mitsubishi Electronics America, Inc. 
American Airlines Building, Suite 500 
1509 Lopez Landron 

Santurce, PR 00911 

Telephone: (809) 728-5040 
Facsimile: (809) 728-5180 


CANADA 


Mitsubishi Electric Sales Canada, Inc. 


6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronic Sales Canada, 
Inc. 

340 March Road, Suite 502 

Kanata, Ontario, Canada K2K 2E4 
Telephone: (613) 591-3348 

Facsimile: (613) 591-3948 





GERMANY 
Mitsubishi Electric Europe GmbH 
Headquarters 

Gothaer Str. 8 

40880 Ratingen, Germany 
Telephone: 2102-486-0 
Facsimile: 2102-486-367 





Mitsubishi Electric Europe GmbH 
Munich Office 

Fraunhoferstr. 

85737 Ismaning, Germany 
Telephone: 89-96 07 94 30 
Facsimile: 89-96 07 94 11 


Mitsubishi Electric Europe GmbH 
Stuttgart Office 

Zettachring 12 

70567 Stuttgart, Germany 
Telephone: 711-728 74 70 
Facsimile: 711-72 47 21 


Mitsubishi Electric Europe GmbH 
Frankfurt Office 

(Power Semiconductors) 
Promenadenstr. 16 

64625 Bensheim, Germany 
Telephone: 6251-62097 
Facsimile: 6251-62099 





FRANCE 
Mitsubishi Electric France S. A. 

55, Avenue de Colmar 

92563 Rueil Malmaison Cedex, France 
Telephone: 1-47. 08. 78. 00 
Facsimile: 1-47. 51. 36. 22 











ITALY 
Mitsubishi Electric Europe GmbH 
Milano Branch Office 

Centro Direzionale Colleoni 
Palazzo Perseo 2 

20041 Agrate Brianza, Milano, Italy 
Telephone: 39-605 31 

Facsimile: 39-605 32 12 








SWEDEN 
Mitsubishi Electric Europe GmbH 
Hammarbacken 14 

19127 Sollentuna, Sweden 
Telephone: 8-625 10 00 
Facsimile: 8-625 10 33 





SPAIN 
MELCO Iberica, S. A. 

Parque Empresarial San Fernando 
Av. de Castilla, 2-Edif, Italia, |. Pl. 
28831 San Fernando de Henares 
Madrid, Spain 

Telephone: 1-677 56 53 
Facsimile: 1-677 55 62 








U.K. 
Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, U.K. 
Telephone: 707-27 61 00 
Facsimile: 707-27 86 92 








AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 

Facsimile: (02) 638-7072 
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